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Depositional Dynamics in Seagrass Systems of Tampa Bay, FL:  
Influence of Hydrodynamic Regime and Vegetation Density on Ecosystem Function 
 
Alison Cheryl Meyers 
ABSTRACT 
 
 Many coastal ecosystems around the world are dominated by submerged aquatic 
vegetation (SAV) habitats.  These SAV habitats are known to provide many highly 
valuable ecosystem services such as habitat for commercial important species and 
increased water clarity.  Water flow is an environmental variable which can have 
measurable effects on the ecosystem services provided by SAV, but is often not 
considered in studies assessing these services.  This dissertation sought to investigate the 
links between SAV, primarily seagrasses, and hydrodynamics, paying special attention to 
the effects on sediments and fauna.  Three main areas are discussed: (1) the effects of 
SAV on flow, (2) the effects of SAV and flow on deposition in SAV beds, and (3) the 
effects of SAV and flow on faunal communities in SAV beds.  Seagrasses and other SAV 
reduce currents, attenuate waves, and dampen turbulence within their vegetative 
canopies, which in turn can enhance deposition and reduce the resuspension of sediment, 
organic matter, and passively settling larvae.  The ability of SAV to retard flow may be 
further enhanced by increases in vegetated structure, such as shoot density, biomass, or 
canopy height, which can promote increased abundance and diversity of in- and epifauna 
within SAV beds.  Ultimately, it is clear that hydrodynamics is an important factor that 
  x
shapes SAV communities both physically (e.g. deposition, sediment structure, etc.) and 
biologically (e.g. faunal community composition, predation pressure, food availability, 
etc.).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 1
 
 
 
Chapter 1 
 
Overview of Research 
 
Seagrass communities are both highly productive and vital ecosystems within the 
marine realm.  They can act as habitats and nursery grounds for many commercially and 
ecologically important species (Irlandi 1996, Jackson et al. 2001 Nagelkerken et al. 
2002), sinks for both particles (larvae, sediment, detritus) and nutrients (Asmus & Asmus 
2000), bioindicators of anthropogenic nutrient inputs (Yamamuro et al. 2003), and 
sediment stabilizers (Orth 1977).  It has also been suggested that marine macrophyte 
communities act as a global carbon sink (Smith 1981).  Thus, changes to these 
communities can have a direct impact on processes as widely varying as the global 
carbon cycle and coastal erosion.  What is becoming apparent is that the complex set of 
processes that characterize seagrass systems are modified by the template of 
environmental variables, such as sediment properties, seagrass structure, and 
hydrodynamic conditions (Touchette & Burkholder 2000, Eyre & Ferguson 2002, Vizzini 
& Mazzola 2006, Hasegawa et al. 2008) that compose these systems. 
 Many of the environmental variables that influence seagrass ecosystem function, 
such as the extent and complexity of seagrass structure and sediment properties in 
seagrass systems, have been extensively studied (Lynts 1966, Kenworthy et al. 1982, Bos 
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et al. 2007), but often ignored is hydrodynamic setting.  Numerous studies address the 
interaction between seagrass beds and prevailing hydrodynamic conditions.  Specifically, 
studies have demonstrated seagrasses reduce currents (Almasi et al. 1987, Ackerman & 
Okubo 1993, Heiss et al. 2000, Madsen et al. 2001), attenuate waves, and dampen 
turbulence (Koch & Gust 1999) within their canopies.  How hydrodynamic conditions 
modify measures of ecosystem function , such as sedimentation, are not addressed by 
many of the studies that investigate seagrass-flow relationships in seagrass systems.  Due 
to the lower energy environment present within seagrass canopies, seagrasses should act 
as highly effective traps for sediments and other suspended particles.  The ability of 
seagrass beds to effectively trap sediments has been demonstrated by studies that found 
fine, organic rich sediments within seagrass beds when compared to habitats with bare 
substrate that lack vegetation (Peterson et al. 1984), but is less often described by direct 
measures of sediment deposition and resuspension.  The lack of direct measures of 
sedimentation makes it difficult to assess the influence of flow on depositional dynamics 
in seagrass systems and how that influence may be modified by changes in seagrass 
density. 
It has been suggested that seagrass density can have a measurable effect on local 
hydrodynamics.  Flow speed has been measured to decrease with increases in seagrass 
shoot density and increasing distance into the bed (Peterson et al. 2004), but most 
previous studies have not been able to conclusively establish a negative linear 
relationship between seagrass density and water flow (Gambi et al. 1990).  This trend 
holds true under both high and low flow conditions (Eckman 1987) and for other species 
of submerged aquatic vegetation (SAV), such as saltmarsh grasses (Scirpus americanus 
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Eckman 1983, Spartina alterniflora Leonard & Croft 2006).  The interaction between 
seagrass shoot density and the overall current regime can also have measureable effects 
on the trapping and retention of particles suspended in the water column by seagrass 
beds.  Most studies have measured increases in deposition (Gacia et al. 1999) and 
reductions in resuspension (Hasegawa et al. 2008) in the low energy environment present 
under increasing seagrass density conditions.  Therefore, it is expected that seagrass beds 
with higher shoot densities should be the most effective at trapping and retaining 
suspended particles from the water column.  Additionally, the ability of both high and 
low density seagrass beds to trap and retain suspended particles should be enhanced in 
low flows, where the chance of particle deposition is greater and resuspension is reduced.  
Previous studies have investigated sedimentation across varying flow conditions 
(Hendricks et al. 2008) and differing seagrass densities (Fonseca & Fisher 1986, Peralta 
et al. 2008), but one facet of sedimentation in seagrass systems that warrants further 
investigation is whether equivalent levels of seagrass density provide equivalent levels of 
particle accumulation under varying hydrodynamic conditions. Studies such as these 
would be helpful when establishing target seagrass densities for restoration efforts across 
varying physical settings.  
Faunal communities that utilize seagrass beds both as a habitat and food source 
can also be modified by hydrodynamic setting.  As with sedimentation, the both the 
presence (O'Gower & Wacasey 1967, Stoner 1980, Edgar 1990, Edgar et al. 1994) and 
density (Orth 1973, Homziak et al. 1982, Edgar & Robertson 1992) of seagrass has a 
positive effect on faunal communities (i.e. increased measures of faunal diversity, 
abundance, richness, evenness, biomass, and production) that inhabit seagrass systems.  
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Hydrodynamics can affect faunal abundances directly by altering larval supply and 
settlement (Eckman 1987, Grizzle et al. 1996, Bologna & Heck 2002), and/or indirectly 
by modifying sediment characteristics (Murphey & Fonseca 1995, Gambi et al. 1998).  
The relationship between seagrass density and faunal communities is arguably well 
studied, but how varying hydrodynamic conditions modify seagrass-faunal relationships 
has yet to be sufficiently elucidated.  More studies that address how flow alters the 
presence and abundance of faunal species may help define how faunal communities are 
shaped by underlying physical environmental variables.       
 
RESEARCH GOALS 
The overall goal of my doctoral research is to determine the impact of 
hydrodynamic setting on measures of ecosystem function (i.e. sedimentation and faunal 
community characteristic) across varying degrees of seagrass and other submerged 
aquatic vegetation (SAV) structure (i.e. shoot and blade density and length, biomass, leaf 
area index).  In the following chapters a series of in situ experiments focusing on the 
manipulation of seagrass density will be combined with detailed hydrodynamic 
characterization, using an Acoustic Doppler Velocimeter (ADV), and an extensive 
literature review in order to further the current understanding of the modification of flow 
by and the effects of flow on particle entrainment and faunal assemblages in seagrass and 
other SAV systems. 
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CHAPTER OBJECTIVES 
In Chapter 2, I experimentally investigate in situ whether ecosystem function, 
measured here as the accumulation of particles in a seagrass (Thalassia testudinum 
mimics) bed, maintains its relationship to seagrass shoot density across different 
hydrodynamic regimes.  The objectives of Chapter 2 are to determine if accumulation of 
particles in seagrass beds of equal shoot densities differs under fast and slow flow 
conditions.  This chapter also seeks to determine experimentally to what extent 
hydrodynamic regime and seagrass shoot density can modify the amount and types of 
particles accumulated in seagrass systems..   
In Chapter 3 I further investigate how seagrass loss might impact ecosystem 
function, linked to depositional processes (here measured as particle accumulation) in 
seagrass systems, a series of field experiments were conducted in which small scale (1 
m2) bare and reduced density seagrass patches were created within larger seagrass 
(Thalassia testudinum) beds and subsequent modifications to flow and particle 
accumulation were directly measured.  The objectives of this study were to determine: 1) 
how presence of small scale bare and reduced density seagrass patches within larger 
seagrass beds modified flow patterns; 2) if reduced T. testudinum shoot density altered 
patterns of particle accumulation within experimental patches; and 3) if modifications to 
flow could be used to predict patterns of particle accumulation within experimental 
patches.   
In Chapter 4 I evaluate existing information on links between hydrodynamic 
regime and ecosystem function associated with SAV systems.  Specifically, the 
objectives are to: 1) summarize current knowledge regarding effects of SAV on 
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hydrodynamic characteristics (e.g. velocity, turbulence, shear stress, etc.) and cascading 
effects on sedimentation and faunal communities in SAV systems; 2) summarize 
relationships recorded between sedimentation and the presence and/or amount of 
structural components (e.g. density, canopy height, biomass, etc.) of SAV, and how 
hydrodynamic conditions can modify that relationship; 3) explore the link between SAV 
presence and/or amount of structure and faunal community characteristics (e.g. 
abundance, richness, diversity, biomass, etc.) and effects hydrodynamic regime may have 
on that link; and 4) discuss the importance of  considering hydrodynamics when 
exploring measures of ecosystem function, such as sedimentation and faunal community 
characteristics, across flow regimes. 
 
SIGNIFICANCE OF RESEARCH 
By meeting the above objectives, I aim to further our knowledge of depositional 
processes in seagrass and other SAV systems, which demonstrates the importance of 
hydrodynamic regime on measures of ecosystem function (i.e. sedimentation and faunal 
community characteristics) in these systems.  This information can be important to help 
us better understand both seagrass habitat loss and restoration success.  An increase in 
seagrass habitat loss is being witnessed worldwide (Orth et al. 2006).  As the degree of 
seagrass habitat loss increases, dramatic changes to physical and ecological processes 
become more pronounced.  Previous studies have shown that reductions in seagrass 
habitat had significantly negative effects on faunal communities (i.e. reductions measures 
of faunal abundance, richness, evenness, diversity, biomass, and productivity) that inhabit 
seagrass systems (Hughes et al. 2002, Reed & Hovel 2006).  In order to mediate seagrass 
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loss and related loss of ecosystem function, researchers seek to determine the underlying 
causes (i.e. eutrophication, reduced light levels, propeller scaring) and restoration efforts 
endeavor to successfully re-establish these lost habitats.  Gaining a better understanding 
of what environmental factors can modify ecosystem function in seagrass systems can 
provide important insights into targets, such as seagrass patch size, shoot density, and 
replacement ratios, to set for restoration success.   In the following chapters my hope is to 
further the knowledge of seagrass ecosystem function as they relate to the critical issues 
of seagrass habitat loss and restoration.          
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Chapter 2 
 
Depositional Processes in Seagrass Beds: Rethinking Density as a Measure of Ecosystem 
Function 
 
INTRODUCTION 
Loss of critical seagrass habitat has been reported widely (Duarte 2002).  A 
number of studies have argued that loss of ecosystem function is a likely result of habitat 
loss.  Therefore, focus has been placed seagrass shoot density as a measure of ecosystem 
function in seagrass systems.  Reliance on this metric as a proxy of ecosystem health can 
be attributed to a positive relationship between shoot densities and faunal abundance, 
including epifauna (Edgar & Robertson 1992, Fonseca et al. 1996, Lee et al. 2001, 
Bartholomew 2002, Deegan et al. 2002), infauna (Edgar & Robertson 1992, Gambi et al. 
1998, Bartholomew 2002, Deegan et al. 2002), and fish (Stoner 1983, Fonseca et al. 
1996, Deegan et al. 2002).  Likewise, high seagrass densities have been linked to 
increased quantities of particle accumulation and retention compared to that  recorded in 
areas of low seagrass density (Gacia & Duarte 2001, Widdows et al. 2008).   
Within dense stands of seagrass, sediment properties, as well as the probability of 
deposition and resuspension, are altered compared to more sparsely vegetated canopies.  
Through either direct contact of particles with seagrass blades (Hendricks et al. 2008) or 
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a result of the lower energy environment present within the canopy, capacity for particles 
to remain in suspension is reduced, resulting in accumulation of fine, organic rich 
sediments (Lynts 1966, Scoffin 1970, Eckman 1983, Neumeier & Ciavola 2004).  In 
addition, the probability of increased deposition (Bos et al. 2007) and reduced erosion 
(Widdows et al. 2008) may accompany the lower energy environment.  Although 
sparsely vegetated canopies can also accumulate more fine sediments than unvegetated 
habitats (Eckman 1987), their ability to affect reductions in current velocity (Sand-Jensen 
& Mebus 1996) and turbulent stress (Luhar et al. 2008) may not differ. Effectively, the 
function of sparse stands of vegetation may be reduced to the point where it cannot be 
differentiated from unvegetated habitats.      
Although it is clear that vegetation density is linked to particle accumulation and 
ecosystem function in seagrass systems, the ability of the physical setting to modify these 
relationships is often not addressed.  Seagrass canopies reduce currents (Almasi et al. 
1987, Ackerman & Okubo 1993, Heiss et al. 2000, Madsen et al. 2001), attenuate waves, 
and dampen turbulence within their vegetative canopies (Madsen 1983), but 
modifications to flow by seagrass canopies may not necessarily be consistent across flow 
regimes.  Specifically, current reductions imposed by seagrass canopies are greater when 
ambient flow increases (Fonseca et al. 1982, Eckman 1987) or possibly non-existent 
under slower, ambient flow conditions (Heiss et al. 2000).  This suggests that effects of 
low seagrass densities on current reduction and particle accumulation may only be 
significant under fast flow conditions, while under slow flow conditions, these effects 
may not be indistinguishable from measures of flow or particle accumulation in 
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unvegetated habitats.  Therefore, understanding of the implications of seagrass loss on 
ecosystem function may be in need of reconsideration.   
In this study I experimentally investigate whether ecosystem function, measured 
here as accumulation of particles, maintains its relationship to seagrass shoot density 
across different hydrodynamic regimes.  My objectives were to determine if 
accumulation of particles in seagrass beds of equal shoot densities differs under fast and 
slow flow conditions.  Based on previous studies, I speculate that under fast water flow 
conditions, high densities of vegetation will accumulate fewer, specifically fine grained, 
particles when compared to particles accumulated in sparse canopies subject to more 
sluggish flow conditions.  This study also seeks to determine experimentally to what 
extent hydrodynamic regime and seagrass shoot density can modify the amount and types 
of particles accumulated in seagrass systems.  Under fast flow conditions, the probably of 
resuspension is generally increased, so it is expected that seagrass beds subject to slow 
flow conditions, regardless of vegetation density, will exhibit higher levels of particle 
accumulation.  The lower energy environment inside canopies of high density seagrass 
beds, compared to their sparse counterparts, should increase the probability of passive 
particle accumulation in high density beds. 
 
METHODS 
Experimental Design 
In order to test how particle accumulation differs between identical seagrass 
densities subject to different flow regimes, artificial seagrass units (ASU) were used to 
simulate Thalassia testudinum (eelgrass) beds of specific densities.  Two levels of 
 11
seagrass density were tested, high (1500 shoots m-2) and low (300 shoots m-2).  Simulated 
shoots were composed of two blades, each 20 cm long, constructed of ~1 cm wide green 
polypropylene ribbon and tied to plastic mesh (opening size ~2.45 cm) attached to black 
window screening 4 m2 (2 m x 2 m) in size and weighted by small fishing weights sewn 
to the window screening backing.  The level of seagrass density, number of blades per 
shoot, and blade height measurements were based on previous morphometric 
measurements of T. testudinum from Tampa Bay, FL (Meyers, unpublished data).  Size 
of the ASU was selected due to results of previous studies that indicated canopy induced 
flow reductions are usually minimal beyond 1 m from the leading edge of the bed (Gambi 
et al. 1990, Peterson et al. 2004, Folkard 2005), as well as the prohibitory nature of 
transporting and deploying ASU larger than 4 m2 in size.  Two levels of flow, fast (0.078 
 0.041 m s-1) and slow (0.025  0.01 m s-1), were tested at Emerson Point Park located at 
the mouth of the Manatee River (27º32’00.36” N and 82º38’29.02” W) (Figure 1).  Fast 
and slow flow sites were separated by <200 m.   
Four experimental treatments were established: slow flow and low density (SL); 
fast flow and low density (FL); slow flow and high density (SH); and fast flow and high 
density (FH).  For each experimental treatment, one replicate ASU was deployed for a 
duration of seven days.  All of the ASU’s, regardless of treatment, were deployed ≥ 5 m 
from each other at similar water depths (~1m) and secured to the sediment with plastic 
garden stakes (22.5 cm x 2.5 cm).  This was repeated for a total of ten replicate paired 
experiments over a single summer season (June - August 2007). 
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Figure 1 Map of lower Tampa Bay, FL with locations of the  fast (0.078  0.041 m s-1) 
and  slow (0.025  0.01 m s-1) experimental flow sites.  
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Particle Accumulation 
For each of the ten replicate paired experiments, five particle collectors composed 
of blue fiberglass air conditioning filter material approximately 1 cm thick and 144 cm2 
(12 cm x 12 cm) in size were attached to each ASU.  Following the week long 
deployment, particle collectors were retrieved before the ASU’s themselves were 
retrieved and redeployed with new particle collectors the same day.   
Particle collectors used provided a quantitative estimate of particle flux (g m-2 
day-1) to ASU’s, referred to in this study as particle accumulation.  Specifically, particles 
retained on collectors mainly reflect measure of deposition with minor amounts of 
resuspension assumed, but not directly measured.  Probability of particle resuspension 
was artificially reduced due to adhesive nature of the material that composes collectors 
and placement of collectors flat on the bottom in region of reduced shear stress.  
Measures of deposition coupled with direct measures of in canopy flow have seldom 
been used in similar in situ studies (Gacia et al. 1999, Granata et al. 2001, Hasegawa et 
al. 2008).   
To detect any differences in the composition of particles accumulated among the 
experimental treatments, particle collectors were returned to the lab and rinsed over 
sieves and particles divided into sand (63 μm) and silt- clay (<63 μm) size fractions.  
Both size fractions were dried to constant weight at 60oC for 24 to 48 h and combusted 
for organics at 500oC for 4 h.   The sand size fraction was also combusted for carbonates 
at 950°C for  2 h.  The pre-combusted (500oC for 4 h) Whatman GF/C filters (47 mm 
diameter; 1.2 μm pore size) onto which silt-clay particle size fractions were filtered are 
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only usable at temperatures up to 500ºC, which prohibited combusting this size fraction 
at 950ºC for carbonates. 
 
Site Characterization 
Total suspended solid (TSS) samples, sediment cores, and flow measurements 
(described in hydrodynamic characterization section) were also collected from each site.  
Three TSS sub-samples (1 L) were collected, and later averaged, from the mid-water 
column at the start and end of each week long replicate experiment at each flow site.     
TSS samples were filtered onto pre-combusted (500oC for 4 hours) Whatman GF/F filters 
(47 mm diameter; 0.7 μm pore size), dried to constant weight at 60oC for 24 to 48 hours, 
then combusted for organics at 500oC for 4 hours.   Similar methods have been employed 
by other studies (Ward et al. 1984, Irlandi & Peterson 1991, Koch 1999, James et al. 
2004).   
Discriminant sampling, as was employed in this study, can be limiting in the 
sense that collected samples may not accurately reflect an integrated variable 
measurement as is provided by continuous samples.  Specifically, fluctuations in TSS 
concentrations in the water column over the experimental time period, as a result of 
storms and other high wind events or even tidal intensity (i.e. spring v. neap tides), may 
not be reflected in discriminant TSS samples.  To gain a better understanding of how 
concentrations of TSS in the water column fluctuate, samples collected over the entire 
experimental time period (e.g. daily TSS sampling) would have been desirable.  
TSS samples represent a measurement of the concentration (g L-1) of suspended 
solids, both sedimentary and organic in nature, present in the water column.  These 
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samples provide an indication of the amount of particles suspended in the water column 
overlying the ASU that theoretically could be accumulated.  The samples can also 
indicate if a significant site bias exists.  It is important to note that while concentrations 
of TSS in the water column may be similar between two sites, the flux of particles over a 
defined area can differ greatly.  Even when TSS concentrations are similar, the amount of 
TSS passing over an area per unit time should be greater for sites with higher flow speeds 
when compared to sites with slower flows.  To account for this discrepancy, I calculated 
particle accumulation efficiencies, (see Data Analysis) which provides a metric to 
account for differences in TSS particle flux between the sties.        
Additionally, at the start and end of each replicate experiment, six sediment cores 
(2.54 cm diameter x 10 cm deep), three in bare sand and three in situ T. testudinum beds, 
were collected from areas adjacent to the ASU to compare particle size distributions, 
organic matter, and carbonate content of the sediments in natural settings within fast and 
slow flow sites.  Consistent with sediment grain size analysis methods, sediment cores 
were rinsed through a series of sieves (≥500, 250, 125, 63, and <63 μm), and each 
particle size fraction was dried to constant weight at 105oC for 12 to 24 h, combusted for 
organics at 500oC for 4 h, and combusted for carbonates at 950oC for  2 hours (Heiri et 
al. 2001).  Again, the <63 μm particle size fractions were unable to be combusted for 
carbonates because of the melting point of the pre-combusted (500oC for 4 h) Whatman 
GF/C filters (47 mm diameter; 1.2 μm pore size) onto which they were filtered.   
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Data Analysis 
Particles accumulated on collectors, as well as TSS and sediment samples, were 
analyzed for percent organic and carbonate content following the loss on ignition (LOI) 
method, detailed in Heiri et al. (2001).  Differences in the amounts and types of particles 
(dry weight, % dry weight, dry weight of organic matter, % organic matter, dry weight of 
carbonates, and % carbonates for each particle sample and size fraction) accumulated in 
ASU plots with either high or low seagrass shoot densities deployed at fast or slow 
experimental flow sites were tested for using a two factor MANOVA, when assumptions 
of normality and equality of variances were met (SPSS Statistics 17.0).  When significant 
differences were detected, subsequent post-hoc tests (ANOVA) were performed.  Each 
week long ASU deployment (n = 10) was treated as a replicate, and within these 
replicates, the five particle samples per experimental treatment were averaged for 
analysis.   
One factor MANOVA was used to test for differences in the amounts (dry weight, 
g L-1) and organic matter composition (dry weight of organics, g L-1 and % organics) of 
TSS measured in the water column at the fast and slow experimental flow sites, when 
assumptions of normality and equality of variances were met (SPSS Statistics 17.0).  
Post-hoc tests (ANOVA) were performed when significant differences were detected.  
To investigate the relationship between particle accumulation and flow, particle 
accumulation efficiency values for our experimental treatments were derived from 
particle flux rates and measures of particle accumulation in ASUs.  Flux rate of particles 
in the water column over ASU’s (PFlux, g m-2 s-1) were calculated as follows: 
 TSS
A
u
PFlux *


  (1) 
where u is the averaged overlying velocity (m s-1), A (m2) the area over which fluid is 
flowing (i.e. canopy height*plot length/plot area), and TSS the concentration (g m-3) of 
TSS in the water column at the time of the velocity measurement.  The greater the flux of 
flow through ASU’s or the greater the concentration of TSS in the water column, the 
greater the resulting particle flux rate.  
Particle accumulation efficiency values (E) were subsequently calculated using 
the equation: 
 
Flux
Accum
P
PE   (2) 
where PAccum (g m-2) is the amount of particles accumulated in the <63 μm size fraction in 
the ASU’s at the time of the velocity and TSS measurements.  Particle accumulation 
efficiency values equal to one suggest all of the TSS particles in the water column that 
fluxed through ASU were captured, while values less than one suggest more TSS 
particles in the water column fluxed through ASU than particles accumulated in ASU.  
Values greater than one, a situation which should not occur, suggests more particle were 
accumulated in ASU than TSS particles in the water column that fluxed through the 
ASU.   
Differences in the sediment composition (dry weight, % dry weight, dry weight of 
organic matter, % organic matter, dry weight of carbonates, % carbonates for each 
sediment sample and size fraction) in vegetated (T. testudinum) and unvegetated (bare 
sand) habitats present at the fast and slow experimental flow sites were examined using a 
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two way MANOVA, when assumptions of normality and equality of variances were met 
(SPSS Statistics 17.0).  Significant differences were further investigated with post-hoc 
tests (ANOVA).    
 
Hydrodynamic Characterization 
Velocity profiles characterizing water flow through and above the ASU canopies 
were measured within each experimental plot at the end of the week long experiment.  
Profiles were obtained with an Acoustic Doppler Velocimeter (Field ADV, YSI/Sontek), 
which can measure velocity components along the X, Y, and Z axes.  Velocity 
measurements along each axis are derived from signals scattered by small particles within 
a specific sampling volume.  The ADV probe was attached to a vertically adjustable arm 
extended ~0.4 m from a vertical pole affixed to a flat bottomed weight base, allowing for 
velocity measurements to be collected at varying heights above the bottom.  Profiles for 
each experimental plot were measured in the center of the plot and included at least six 
heights above the sediment, with at least four of the measurements occurring within and 
at the top of the ASU canopy.  Velocity measurements were collected with the probe 
facing down and the X-axis element of the probe aligned parallel with the direction of 
dominant flow at a sampling rate of 25 Hz and sampling lengths at least 2 minutes in 
duration to obtain velocity measurements from which turbulence could be quantified.  
Any seagrass blades in direct contact with the ADV sensors were removed for velocity 
measurements within the seagrass canopy to prevent interference with data collection.  
Previous studies have shown no significant effect of removing a relatively small number 
of leaves on flow measurements taken in vegetative communities (Ikeda and Kanazawa 
1996).  Much of water flow in Tampa Bay is tidally driven, although wind waves also 
contribute to the hydrodynamic setting, so all velocity profiles were measured either 
during mid-incoming or -outgoing tides to ensure that tidal flow was at its peak, thereby 
representing maximum flows experienced by the sites and experimental plots. 
All velocity profile data files generated were low pass filtered to remove the high 
frequency noise.  Files were filtered by discarding any samples within the file with signal 
to noise ratios (SNR) less than 15 and correlation coefficients, which provide measure of 
the reliability of and amount of noise in samples, less than 90.  Additionally, any velocity 
readings greater than 1.5 standard deviations from the local velocity mean were filled in 
with local velocity means, which essentially flattens out any regions in the data with large 
spikes.  Files with too many samples exceeding the 1.5 standard deviation threshold value 
were discarded.  Using filtered data, mean velocities (m s-1) in X, Y, and Z directions, 
speed (m s-1), turbulent kinetic energy (m2 s-2), and Reynolds shear stress (Pa) were 
calculated (Bouma et al. 2007).  Bulk flow (m s-1) values represent speed of the overlying 
flow and were measured at mid-water column depth above the canopy of each 
experimental treatment.  Reduction ratios (i.e. reduction in flow speeds due to the 
presence of the canopy) were calculated using the equation: 
 
 
MAX
MINMAX
U
UU RatioReduction  (3) 
where UMAX is the maximum water column flow speed (m s-1) above canopy and UMIN 
the minimum flow speed (m s-1) 5 cm above bottom within the ASU canopy.     
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RESULTS 
Hydrodynamic Characterization 
As expected, bulk flow speeds were greater at the fast (0.078  0.041 m s-1) 
compared to the slow flow site (0.025  0.01 m s-1) (ANOVA: F1, 17 = 19.755, P < 0.001; 
Appendix: Table 4; Figure 2).  At both flow sites, flow speed was reduced more within 
the canopy of the high (63.40 ± 9.12 %) versus low (44.61 ± 14.07 %) seagrass density 
treatment, but reduction in flow within both seagrass density treatments was greater 
under fast (59.54 ± 13.19 %) compared to slow (49.39 ± 15.45 %) flow conditions 
(Figure 3).  Reduction ratios did not appear dependent on flow speed, but generally were 
less in the low when compared to the high density treatment.  The exception is for flow 
speeds above 0.08 m s-1, where reduction ratios in both the high and low density 
treatment appear similar (Figure 4).   
Profiles of average flow speeds illustrate flow was generally lower both within 
and above the canopy at the slow flow site in comparison to flow speeds experienced 
within and above the canopy at the fast flow site.  Flow speeds also appear generally 
lower within the canopy of the high when compared to the low seagrass density treatment 
under both fast and slow flow treatment conditions (Figure 5).    
Measurements of turbulent kinetic energy (m2 s-2) within and above the canopy of 
both seagrass density treatments increased as overlying flow speed (m s-1) increased 
(Figure 6), but when the high (y = 610.34x1.54, R2 = 0.82) was compared to the low (y = 
821.85x 1.67, R2 = 0.82) seagrass density treatment the relationship was not found to be 
density dependent (t0.05(2),101 = -1.16, P = 0.25).  Reynolds shear stress (Pa) also increased 
as overlying flow speed increased within and above the ASU canopies (Figure 7), but the  
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Figure 2 Average (± SEM, n = 6) bulk flow speeds (cm s-1) measured over artificial 
seagrass unit (ASU) plots with either  high (1500 shoots m-2) or  low (300 shoots m-2) 
seagrass shoot densities at fast and slow experimental flow sites at Emerson Point Park in 
lower Tampa Bay, FL.   
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Figure 3 Average (± SEM, n = 6) percent reduction in flow speeds in the water column 
above compared to flow speeds within the canopy of artificial seagrass unit (ASU) plots 
with either  high (1500 shoots m-2) or  low (300 shoots m-2) seagrass shoot densities 
at fast (0.078  0.041 m s-1) and slow (0.025  0.01 m s-1) experimental flow sites at 
Emerson Point Park in lower Tampa Bay, FL.   
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Figure 4 Relationship between reduction in overlying flow speed in artificial seagrass 
unit canopies and overlying flow speed (m s-1) for  high (1500 shoot m-2) and  low 
(300 shoots m-2) shoot density ASU’s at Emerson Point Park in lower Tampa Bay, FL. 
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Figure 5 Speed profiles (mean ± SEM, n = 6) from field measures of flow within and 
above canopy of artificial seagrass unit (ASU) plots with either high (1500 shoots m-2) or 
low (300 shoots m-2) shoot densities at fast and slow experimental flow sites at Emerson 
Point Park in lower Tampa Bay, FL.  Profiles were measured for each flow and density 
combination for a total of four treatments:  slow flow and high density;   slow flow 
and low density;  fast flow and high density; and  fast flow and low density.  Profiles 
shown for heights above the bottom (Z) normalized to deflected canopy height (hd) with 
canopy height indicated by horizontal dashed line (----).   
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Figure 6 Relationship between turbulent kinetic energy (m2 s-2) within and above the 
canopy of artificial seagrass units (ASU) and overlying flow speed (m s-1) for  high 
(1500 shoot m-2) and  low (300 shoots m-2) shoot density ASU’s at Emerson Point Park 
in lower Tampa Bay, FL.  Best fit lines represented by solid line () for the high and 
dashed line (----) for the low shoot density treatments.   
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Figure 7 Relationship between Reynolds shear stress (Pa) within and above the canopy 
of artificial seagrass units (ASU) and overlying flow speed (m s-1) for  high (1500 shoot 
m-2) and  low (300 shoots m-2) shoot density ASU’s at Emerson Point Park in lower 
Tampa Bay, FL.  Best fit lines represented by solid line () for the high and dashed line 
(----) for the low shoot density treatments.   
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relationship was not dependent on treatment density as regression coefficients did not 
significantly differ (t0.05(2),101 = 0.48, P = 0.63) between high (y = 51093x1.61, R2 = 0.47) 
and low (y = 38089x1.63, R2 = 0.58) seagrass shoot densities.  Within the canopy (i.e. 5 
cm above the bottom or 20% of the canopy height) of the high (y = 17294x – 86.14, R2 = 
0.72) seagrass density treatment, Reynolds shear stress increased at a faster rate with 
increasing overlying flow speed (m s-1) and measurements across overlying flow speeds 
were greater when compared (t0.05(2),15 = 2.25, P = 0.04) to the low (y = 7736.8x – 37.31, 
R2 = 0.67) density treatment (Figure 8).     
 
Site Characterization 
Characterization of fast and slow experimental study sites provided an indication 
of both the amount of particles suspended in the water column (TSS) that theoretically 
could be accumulated in ASU plots and a way to check for any significant site bias. 
Significant differences in the dry weight (g L-1), dry weight of organic matter (g L-1), and 
percent organic matter of TSS in the water column were found across the replicate weeks 
(MANOVA: F36, 39 = 4.191, P < 0.001; Appendix: Table 5), but not between flow sites 
(MANOVA: F3, 22 = 1.548, P = 0.230; Appendix: Figure 5).  For the first four replicate 
weeks of the study, the amount of particles and organic matter suspended in the water 
column appear to be elevated at both study sites (Figure 9), which may account for 
significant differences detected in TSS characteristics across replicate weeks.   
To characterize the two flow sites further, sediment samples were taken from 
vegetated (Thalassia testudinum) and unvegetated habitats within each site.  When 
sediment characteristics (dry weight, % dry weight, dry weight of organic matter, %  
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Figure 8 Relationship between Reynolds shear stress (Pa) within the canopy (i.e. 5 cm 
above bottom or 20% of the canopy height) of artificial seagrass units (ASU) and 
overlying flow speed (m s-1) for  high (1500 shoot m-2) and  low (300 shoots m-2) 
shoot density ASUs at Emerson Point Park in lower Tampa Bay, FL.  Best fit lines 
represented by solid line () for the high and dashed line (----) for the low shoot density 
treatments.   
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Figure 9 Average (± SD, n = 3) a) dry weight (g L-1) of total suspended solids (TSS), b) 
dry weight of organic matter in TSS (g L-1), and c) percent organic matter in the TSS, 
across 12 replicate weeks at  fast (0.078  0.041 m s-1) and  slow (0.025  0.01 m s-1) 
experimental flow sites at Emerson Point Park in lower Tampa Bay, FL.  
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organic matter, dry weight of carbonates, % carbonates for each sediment sample and 
size fraction) were compared between flow sites and benthic habitats, significant 
differences were found between the benthic habitats (MANOVA: F12, 1 = 203.964, P = 
0.055; Appendix: Table 6), but no significant interaction was found between the two 
factors (MANOVA: F12, 1 = 31.693, P = 0.138; Appendix: Table 6) or significant 
differences in sediment characteristics between flow sites (MANOVA: F12, 1 = 134.762, P 
= 0.067; Appendix: Table 6).  Between the two benthic habitats, significant differences 
were determined in the percent dry weight of the smallest (<63 μm; ANOVA: F1, 12 = 
54.135, P < 0.001; Appendix: Table 7) and largest (≥500 μm; ANOVA: F1, 12 = 7.458, P 
= 0.018; Appendix: Table 7) sediment size fractions measured, with a greater percentage 
of both sediment size fractions present in the vegetated habitat (Figure 10).  Significantly 
greater percentages of organic matter (ANOVA: F1, 12 = 12.417, P = 0.004; Appendix: 
Table 7) and carbonates (ANOVA: F1, 12 = 18.735, P = 0.001; Appendix: Table 7) were 
also found in sediments of vegetated habitats of both flow sites (Table 1).     
 
 Particle Accumulation 
When all characteristics (13 variables) of particle accumulation measures were 
tested, significant differences were detected between flow treatments (MANOVA: F10, 22 
= 39.992, P < 0.001; Appendix: Table 9).  However, no significant interaction between 
the factors (MANOVA: F10, 22 = 0.284, P = 0.978) or differences between density 
treatments (MANOVA: F10, 22 = 0.328, P = 0.964) were detected (Appendix: Table 9).  
Post-hoc tests indicated that dry weight (g m-2 day-1) of the particle samples (ANOVA: 
F1, 31 = 11.080, P = 0.002; Appendix: Table 10), as well as dry weight (g m-2 day-1) of the  
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Figure 10 Average (± SD, n = 4) percent dry weight by sediment size fraction a) at fast 
(0.078  0.041 m s-1) and slow (0.025  0.01 m s-1) experimental flow sites and b) in 
vegetated (Thalassia testudinum) and unvegetated (bare sand) benthic habitats within 
those study sites.  Sediment size fractions measured included silt-clays (<63 μm), very 
fine sands (63 μm), fine sands (125 μm), medium sands (250 μm), and very coarse sands 
(500 μm).    
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Table 1 Average (± SD) percent dry weight, organic matter, and carbonate content by 
sediment size fraction (μm) in sediments collected from vegetated (Thalassia testudinum) 
and unvegetated (bare sand) benthic habitats located within fast (0.078  0.041 m s-1) and 
slow (0.025  0.01 m s-1) experimental flow sites at Emerson Point Park in lower Tampa 
Bay, FL. 
 
  Benthic structure 
 Sediment size fraction (m) 
Thalassia 
testudinum Bare sand 
≥500 2.447 (± 1.365) 1.306 (± 0.8757) 
250 8.540 (± 2.564) 8.179 (± 3.599) 
125 76.95 (± 5.303) 79.84 (± 6.565) 
63 10.51 (± 3.947) 10.14 (± 3.251) 
% dry weight 
<63 1.549 (± 0.2583) 0.6334 (± 0.2715) 
Combined 1.074 (± 0.2268) 0.7669 (± 0.4380) 
≥500 0.1034 (± 0.0434) 0.0905 (± 0.0726) 
250 0.0794 (± 0.0226) 0.1015 (± 0.0955) 
125 0.3082 (± 0.0776) 0.2763 (± 0.1498) 
63 0.1965 (± 0.0969) 0.1221 (± 0.0788) 
% organic matter 
<63 0.3868 (± 0.0853) 0.1902 (± 0.0861) 
Combined 0.6168 (± 0.3939) 0.2652 (± 0.0741) 
≥500 0.3981 (± 0.4140) 0.1323 (± 0.0972) 
250 0.0333 (± 0.0087) 0.0293 (± 0.0256) 
125 0.1085 (± 0.0114) 0.0862 (± 0.0254) 
% carbonates 
63 0.0768 (± 0.0271) 0.0388 (± 0.0212) 
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63μm size fraction (ANOVA: F1, 31 = 11.820, P = 0.002; Appendix: Table 10) of 
accumulated particles in the ASU plots at the slow flow site were significantly greater 
than fast flow site (Figure 11).  Dry weights (g m-2 day-1) of particles in the 63μm size 
fraction accumulated in ASUs at the slow flow site were over two times greater than what 
was accumulated at the fast flow site.   
Likewise, significantly greater (g m-2 day-1) organic matter (ANOVA: F1, 31 = 
43.676, P < 0.001; Appendix: Table 10) was accumulated in ASU plots at the slow flow 
site when compared to fast flow site (Figure 12).  This significant difference was driven 
by 63 m-sized organic particles accumulating under slow flow conditions (ANOVA: 
F1,31 = 57.060; P < 0.001).   Significantly greater carbonate particles of the 63 m size 
fraction (ANOVA: F1, 31 = 12.073, P = 0.002; Appendix: Table 10) also accumulated at 
the slow compared to fast flow site (Figure 13).  
To investigate the relationship between particle accumulation and flow further, 
particle accumulation efficiency values were calculated by dividing measured particle 
accumulation rates by predicted particle accumulation rates (i.e. flux rate of TSS in the 
water column).  Plots of particle accumulation efficiency versus flow speed (cm s-1) in 
the water column above the ASU canopies demonstrate a negative relationship, best 
described as exponential, as particle accumulation efficiency values decreased markedly 
with increasing flow speeds encountered under both high (y = 1.2e-0.41x, R2 = 0.86) and 
low (y = 1.3e-0.38, R2 = 0.77) seagrass density settings (Figure 14).  No significant 
difference was detected between regression coefficients (t0.05(2), 14 = 0.431, P = 0.673) for 
the high and low seagrass density treatments.  The efficiency of particle capture by 
seagrasses, regardless of vegetation density, was reduced as flow speeds increased.   
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Figure 11 Average (± SEM, n = 10) dry weight (g m-2 day-1) of particles in  63 μm and 
 <63 μm particle size fractions accumulated in artificial seagrass units (ASU) with 
either high (1500 shoot m-2) or low (300 shoots m-2) seagrass shoot densities at fast 
(0.078  0.041 m s-1) and slow (0.025  0.01 m s-1) experimental flow sites located at 
Emerson Point Park in lower Tampa Bay, FL.  Statistically different groupings indicated 
by post-hoc analysis (ANOVA) are represented by upper case lettering (A or B). 
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Figure 12 Average (± SEM, n = 10) dry weight (g m-2 day-1) of organic matter in  63 
μm and  <63 μm particle size fractions accumulated in artificial seagrass units (ASU) 
with either high (1500 shoot m-2) or  low (300 shoots m-2) seagrass shoot densities at fast 
(0.078  0.041 m s-1) and slow (0.025  0.01 m s-1) experimental flow sites located at 
Emerson Point Park in lower Tampa Bay, FL.  Statistically different groupings indicated 
by post-hoc analysis (ANOVA) are represented by upper case lettering (A or B). 
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Figure 13 Average (± SEM, n = 10) dry weight of carbonates (g m-2 day-1) in 63 μm 
particle size fraction accumulated in artificial seagrass units (ASU) with high (1500 shoot 
m-2) or low (300 shoots m-2) seagrass shoot densities at fast (0.078  0.041 m s-1) and 
slow (0.025  0.01 m s-1) experimental flow sites located at Emerson Point Park in lower 
Tampa Bay, FL.  Statistically different groupings indicated by post-hoc analysis 
(ANOVA) are represented by upper case lettering (A or B). 
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Figure 14 Exponential reductions in particle accumulation efficiency by artificial 
seagrass unit (ASU) plots with increasing water column flow speed (m s-1).  Artificial 
seagrass units with either  high (1500 shoots m-2) or  low (300 shoots m-2) seagrass 
shoot densities at fast (0.078  0.041 m s-1) and slow (0.025  0.01 cm s-1) experimental 
flow sites at Emerson Point Park in lower Tampa Bay, FL.  Best fit lines represented by 
solid line () for the high and dashed line (----) for the low shoot density treatments.   
 
 
 
 
 
 
 
 
 
 
 
 37
 38
DISCUSSION 
Ecosystem function, measured here as the accumulation of particles and organic matter, 
displayed no difference as seagrass shoot density was increased in either hydrodynamic 
regime.  Levels of particle accumulation, driven by differences in dry weight, organics, 
and carbonates of 63 m sized particles, were always greater under slow than fast flow 
conditions.  Even the low density treatment at the slow flow site accumulated more 
particles, again driven by differences in dry weight, organics, and carbonates of 63 m 
sized particles, than high density treatment at the fast flow site.  Thus, comparison of 
ecosystem function of a SAV based only on vegetation structure may only be valid if 
flow conditions are identical.  This suggests that hydrodynamic setting must be taken into 
account when considering measures of ecosystem function, such as deposition, in 
seagrass systems, and that equivalent levels of seagrass density may not provide similar 
levels of ecosystem function.    
 
 Hydrodynamic Characterization 
Reduced flow speeds imposed by high and low density seagrass beds across fast 
and slow flow regimes followed expected trends based on past studies (Eckman 1987, 
Gambi et al. 1990, Worcester 1995, Peterson et al. 2004, Widdows et al. 2008).  In 
contrast to the present study, previous studies have focused on the impact of seagrass on 
hydrodynamics, often in laboratory flumes, and then predict impacts on some measure of 
sedimentation (e.g. suspended sediment concentration, measure of entrainment).  This 
study sought to investigate the impact of seagrass canopy density on flow in situ and  
directly measure particle accumulation within canopies with different flows.  This 
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approach thus provides an assessment of the linkages of seagrass density, flow and one 
measure of sediment dynamics in a natural setting.   
Regardless of canopy density, reduction in overlying flow speed in the ASU’s 
was greater when the fast (59.5  13.2%) was compared to the slow flow treatment (49.4 
 15.5%) (Appendix: Figure 32), but when flow reductions were considered across 
overlying flow speeds, and not just treatment categories, reduction ratios did not change 
with increasing flow speed (Figure 4).  Widdows et al. (2008) also found that at current 
velocities less than 0.12 m s-1 the amount of flow reduction due to the presence of a 
seagrass canopy (Zostera noltii) was also substantially reduced.  In this study, while flow 
reduction did not appear to differ across the range of flow speeds encountered, reduction 
ratios were generally lower (i.e. less flow reduction) for the low when compared to the 
high density seagrass treatment (Figure 3, Figure 4).  Flow reduction has been measured 
to be density dependent under flow and density conditions similar to this study (Eckman 
1987, Gambi et al. 1990, Peterson et al. 2004), but above 0.08 m s-1 reduction ratios did 
not appear dependent on density .  It is possible that skimming flow developed over the 
low seagrass density treatments at higher flows speeds, thus reducing the extent to which 
flow could penetrate the canopy, consequently increasing reduction ratios for the low 
density treatment.  Gambi et al. (1990) also found skimming flow to develop at flow 
speeds as low as 0.05 m s-1, but only when seagrass (Zostera marina) shoot densities 
exceeded that found in the low seagrass density treatment (1000 vs. 300 shoots m-2).   
Measures of both turbulent kinetic energy (m2 s-2) and Reynolds shear stresses 
(Pa) were found to increase as overlying flow speed increased, but these relationships 
were not found to be density dependent (Figure 6, Figure 7).  Presence of a canopy 
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disrupts flow and fluid momentum is extracted by the canopy in the form of turbulence 
(Denny 1988).  Gambi et al. (1990) suggested that, in contrast to laminar flows where 
turbulence can be generated, turbulence is likely rescaled by the presence of a canopy in 
the case of turbulent flows.  This accounts for increases in both turbulent kinetic energy 
and Reynolds shear stress, a shear stress resulting from turbulent velocity fluctuations, as 
flow speeds increase.  The lack of density dependence for measures of turbulent kinetic 
energy and Reynolds shear stresses indicates a lack of influence on flow by the seagrass 
density treatments, particularly with regards to flow characteristics that are thought to 
dictate levels of particle deposition and resuspension (Granata et al. 2001, Widdows et al. 
2008).  These measures offer an explanation for the lack of density effects on particle 
accumulation by the seagrass density treatments in this study. 
Reynolds shear stress within the canopy measured at 5 cm above the bottom (20% of 
canopy height) was found to be significantly greater across all overlying flow speeds 
encountered by the high compared to the low seagrass density treatments (Figure 8).  
Widdows et al. (2008) also found shear stress (derived from turbulent kinetic energy) to 
increase with increases in current velocity (m s-1) and seagrass (Z. noltii) density and to 
reach a maximum 0.5 cm above the bottom (5 – 10% of canopy height) at the highest 
density tested (12600 leaves m-2).   As an indicator of vertical mixing and downward 
fluxes toward the bottom, higher Reynolds shear stress in the canopy of the high density 
seagrass treatment would suggest that a corresponding difference in particle accumulation 
(e.g. increased accumulation due to greater downward flux of particles) between high and 
low density seagrass treatments should be present.  Lack of differences in particle 
accumulation between the different seagrass density treatments may be attributed to the 
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lack of density dependence in Reynolds shear stress (i.e. lack of difference in vertical 
mixing) at the top of the canopy and in the water column above the canopy of the 
seagrass density treatments (Appendix: Table 12).  Lack of density effects on flow 
suggest that the differences observed in particle accumulation between the fast and slow 
flow treatments are in response to differences in flow between the experimental sites.      
 
Particle Accumulation 
 Experimental evidence from the present study demonstrates that flow was a more 
important factor than density of seagrass with respect to depositional processes in 
seagrass beds.  The amount of fine particles (63 and <63μm) accumulated was 
remarkably similar within a flow regime, even with a five fold difference in seagrass 
shoot density.  However, other studies have found levels of sediment erosion in seagrass 
(Zostera noltii) beds to be linked to seagrass density when flows exceeded 0.20 m s-1 
(Widdows et al. 2008), a speed over 2X the average bulk speed of the fast flow treatment 
in this study.  For the flow speeds tested here, canopy density did not have a significant 
effect on depositional processes, but measurable differences in the amounts and types of 
particles retained in low compared to high density beds were detected.  In general, greater 
amounts of particles, as well as organic matter and carbonates, were retained in the low 
density ASU plots compared to that found in the high density plots.  Under the tide 
dominated or unidirectional flow conditions experienced at both the  study sites, currents 
often cause blades to bend in a single direction for hours at a time, only to change 
direction with the turning tide.  The overlapping, bent-over canopy can effectively create 
a barrier between the environments above and within the bed, which in turn can reduce 
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the amount of mixing between the overlying water column and the bed (Koch & Gust 
1999). Reduced mixing between the water column and the bed potentially can reduce the 
probability of resuspension, but may also reduce the deposition of sediments from the 
overlying water column as intrusion into the bed is blocked by the barrier that the blades 
create.  As seagrass density increases the canopy can more effectively act as a barrier to 
deposition, likely resulting in reduced levels of particle accumulation.  The unexpected 
reduced particle accumulation by the high density treatment challenges the convention 
that high densities of vegetation equate to high levels of ecosystem function in seagrass 
systems.   
 In low flow environments, the presence of a canopy may have little effect on 
deposition and sediment properties.  Irlandi (1996) found a greater amount of both fine 
particles (<63 μm) and organic matter in sediments exposed to slow (0.07 m s-1) 
compared to fast flow (0.35 m s-1) conditions, but no difference in the amount of fine 
particles present in vegetated (Halodule wrightii and Z. marina) versus unvegetated 
sediments under those slow flow conditions.  In a study similar to this one, the amount of 
mud (<63 μm) accumulated in artificial seagrass units was significantly greater than that 
accumulated in unvegetated areas, but only seasonally when wave energy, and therefore 
resuspension, was higher (Almasi et al. 1987).  Differences in sediment accumulation due 
to canopy densities may only be important under fast flow speeds as resuspension is often 
reduced or absent at highly sheltered sites (Gacia et al. 1999).  If resuspension only 
occurs under fast flow conditions, then structures that inhibit resuspension should only 
become important in habitats that experience fast flows.  This again suggests that 
vegetation density, or just the presence vegetation, may only become important to 
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depositional processes when velocity within the canopy reaches or exceeds a critical 
resuspension threshold, which may only be achieved at faster free stream velocities than 
was witnessed in this study.   
 
Implications   
This study has shown that equivalent densities of vegetation structure subjected to 
different flow conditions did not produce equivalent levels of ecosystem function as 
reflected in particle retention. This in turn, has important implications for restoration of 
seagrass systems subject to both natural and human disturbance (Bos & van Katwijk 
2007).  Restoration efforts often either look to reestablish seagrass shoot densities 
equivalent to natural levels to restore ecosystem function, or it is assumed similar 
densities of seagrass will provide equivalent levels of resilience to disturbance.  
Although, this line of thinking has not always been supported by evidence (Fonseca et al. 
1996).  For example, in a restoration effort, transplant survival of seagrass (Z. marina) 
decreased with increasing hydrodynamic exposure, classified on the basis of sediment 
grain size, distance to the shore, and duration of hydrodynamic exposure (Bos & van 
Katwijk 2007).  Under high exposure conditions survival was significantly greater in the 
high density planting units, while under low hydrodynamic exposure conditions, low (5 
plants m-2) and high (14 plants m-2) density planting units had similar survivorship (Bos 
& van Katwijk 2007).  Planting densities that result in successful restoration efforts under 
slow flow conditions may not be sufficient for survival and persistence when similar 
densities are planted in a fast flow regime. Likewise, the ecosystem function of sediment 
retention may also vary for identical densities of seagrass planted in different physical 
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settings. Therefore, discussions of restoration efforts should consider physical setting 
when establishing replacement ratios (i.e. amount of habitat restored for every unit area 
lost) that currently are based on seagrass density alone.  Specifically, replacement ratios  
or amount of seagrass planted may need to be greater if a restoration project is designed 
for a site with high compared to lower flow conditions: 1) to account for possible reduced 
transplant survival; and 2) as shown in this study, to achieve a similar level of particle 
accumulation.  
Altered flow conditions due to both natural (hurricanes) and human modifications 
(sand bar movement and dredging) can also cause unexpected changes in ecosystem 
function provided by seagrasses.  Some studies have noted complete removal of seagrass 
as the result of disturbances, such as hurricanes (van Tussenbroek et al. 2008), but few 
have assessed how even short-lived altered flow conditions that might accompany such 
changes affect ecosystem function of seagrass systems.  In a study by Bell et al. (2008), 
physical disturbance and transport of sediments and associated seagrass (Halophilia 
decipiens) seed bank by hurricane-generated disturbance resulted in patches of seagrass 
appearing in previously barren areas and other formerly vegetation occupied patches 
disappearing.  Thus over hundreds of meters the spatial distribution of seagrass can be 
modified.  Other studies have shown hurricanes to alter sediment composition in seagrass 
beds such that coarser sediment sizes and the complete loss of silt-clays may occur 
(Kalbfleisch & Jones 1998) with substantial erosion resulting.  Interestingly these 
modifications of sediment and topographic features may recover little by three years post 
disturbance (Fourqurean & Rutten 2004).  Again, under severe disturbance by water 
flow, net sediment  distribution and composition may be highly impacted.  Here then the 
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physical setting and links to sedimentary changes may have implications for ecosystem 
function. 
If flow can influence sediment retention in seagrass beds, then measures of 
ecosystem function of seagrass systems in the absence of flow, both in laboratory and 
field settings, particularly with regards to measures of particle accumulation, may need to 
be interpreted cautiously.  For example, sediments of seagrass beds are characteristically 
fine grained and organic rich, attributed to lower energy conditions inside the beds (Orth 
1977, Grady 1981, Kenworthy et al. 1982, Peterson et al. 1984).  In Mediterranean 
seagrass systems sedimentary organic matter has been found to be one of the main 
primary producers transferred in Posidonia oceanica food webs (Vizzini & Mazzola 
2006) and changes in the content and bioavailability of sedimentary organic matter can 
dictate temporal changes in meiofaunal daily production (i.e. secondary production) 
(Danovaro et al. 2002).  Consequently, reductions in sedimentary organic matter resulting 
from hydrodynamic alterations (e.g. high wind or storms events) may decrease trophic 
energy transfer and have cascading effects on production by higher tropic levels.  In other 
systems, such as the rocky intertidal, sites that experience different hydrodynamic forces 
are not considered equivalent habitats (Leonard et al. 1998, Robles et al. 2001), but in the 
soft sediment literature, physical setting is often overlooked when addressing questions of 
ecosystem function.  For example, top-down control in seagrass systems often attributed 
to epiphyte grazers even in presence of bottom-up influences, such as increased nutrient 
inputs (Jaschinski & Sommer 2008).  This type of study does not consider modifications 
to ecosystem function as hydrodynamic conditions are altered, such as reduced seagrass 
presence resulting from the physical removal of epiphyte grazers by increased water flow 
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(Schanz et al. 2002).  Other studies unsuccessfully try to make predictions concerning 
presence and abundance of faunal species using metrics such as seagrass density 
(Worthington et al. 1992) without considering influence of flow on larval recruitment 
(Eckman 1987) or deposition (Bologna & Heck 2002).  The results of this study suggests 
that those ecosystem services provided by seagrasses (e.g. water quality, costal 
protection) dependent on their ability to reduce currents, attenuate waves, and decrease 
turbulence, may be reduced under faster energy conditions regardless of the prevailing 
vegetation density.  As flow diminishes the import of seagrasses to these ecosystem 
services (e.g. water quality, costal protection) may also diminish as particle flux (i.e. 
amount of particles in the water column that pass over an area per unit time) decreases 
(Granata et al. 2001) and resuspension probabilities are reduced (Harlin et al. 1982).  
Although seagrass density has been designated as a major factor underlying the 
ecosystem function of seagrass systems (Orth 1973, Homziak et al. 1982, Bos et al. 2007, 
Widdows et al. 2008), the role that vegetation plays must be considered within the 
context of physical setting. Integration of hydrodynamic measurements into studies 
assessing seagrass ecosystem services provide a more complete view of the complex 
interactions between underlying environmental variables that dictate levels of ecosystem 
processes in these important coastal habitats.  
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Chapter 3 
 
Effects of Patchy Habitat Structure on Deposition Processes in Seagrass, Thalassia 
testudinum, Systems of Lower Tampa Bay, FL 
 
INTRODUCTION 
The ability to trap and bind suspended particles has long been recognized as one 
of the important functions of seagrass ecosystems.  Reduction in water column turbidity 
increases light levels, which in turn enhances both the primary and overall productivity of 
these ecosystems, and the tendency of seagrasses to retain sediments and other trapped 
particles help to reduce coastal erosion risks (Koch et al. 2009).  These important 
ecosystem services, among others, provided by seagrasses and algal beds have been 
estimated to be valued at upwards of 3.8 trillion dollars per year (Costanza et al. 1997).  It 
is clear that the removal or reduction of seagrass ecosystems causes substantial erosion 
(Wilson 1949), which in turn could be detrimental both ecologically and economically, 
but the extent of the negative consequences is unclear.   
Removal, reduction, and fragmentation of seagrass systems can occur via natural 
disturbances, such as waves, currents, and bioturbation (Townsend & Fonseca 1998), 
both on large and small, more local scales.  Increasingly though these systems are being 
modified by anthropogenic disturbances ranging from coastal development, propeller 
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scarring (Bell et al. 2002), anchor usage (Creed & Amado Filho 1999, Francour et al. 
1999), fishing practices (Neckles et al. 2005), trampling (Eckrich & Holmquist 2000), 
and plant harvesting.  Disturbances and fragmentation, regardless of cause, generally 
result in some form of seagrass loss (i.e. complete removal or reduced density) and 
modification to cover and spatial configuration.  Most previous studies have addressed 
questions of modified cover and spatial configuration due to disturbance and 
fragmentation by investigating measures of seagrass ecosystem function at larger scales 
(e.g. large v. small patches, continuous v. fragmented landscapes) (Frost et al. 1999, 
Bowden et al. 2001, Hirst & Attrill 2008).  Smaller scale disturbances, such as anchor 
usage, may only affect areas <1 m2 in size within larger seagrass bed and result in 
reduced shoot densities, but not complete seagrass removal (Francour et al. 1999).  
Effects of small scale disturbances within larger seagrass beds can vary greatly from 
disturbances that cause fragmentation on a landscape scale.  For example, studies testing 
effects of small scale reductions in seagrass density (Edgar & Robertson 1992) or 
creation of gaps (Reed & Hovel 2006) within larger seagrass beds on faunal communities 
found decreased faunal abundances and altered faunal assemblages with greater seagrass 
removal, while Johnson & Heck (2006) found fragmentation at the scale of 1 to 100 m2 
sized patches may have little impact on faunal community assemblages.  Although 
presence of gaps and reduced density patches in larger seagrass beds have been well 
documented for faunal community measures, less is known about how hydrodynamic 
characteristics and depositional processes are altered within these systems.      
Flow across and through small scale gaps in seagrass beds have been previously 
investigated, but no attempts have been made to capture in situ measures of flow in 
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reduced density patches located within larger, continuous seagrass beds.  Past flume 
studies addressing flow modifications in small scale gaps and patches found the 
formation of flow recirculation cells and stagnant regions of flow within the gaps 
(Maltese et al. 2007) and increased turbulence at the canopy water interface downstream 
of gaps (Folkard 2005).  Within continuous beds of seagrass and other submerged aquatic 
vegetation (SAV), higher vegetation densities effect greater current reductions (Madsen 
& Warnke 1983, Leonard & Luther 1995, Widdows & Brinsley 2002), increased wave 
attenuation (Koch & Gust 1999, Chen et al. 2007), and decreases in turbulence (Leonard 
& Luther 1995, Koch & Gust 1999, Luhar et al. 2008), when compared to more sparsely 
vegetated canopies.  Specifically, some studies have found up to a 40 % reduction in 
near-bed flow in dense SAV canopies compared to their sparser counterparts (Widdows 
et al. 2008).  Whether or not similar flow modifications (i.e. greater current speeds, 
reductions in wave attenuation, and increased turbulence) occur within canopies of 
reduced density patches located within larger, continuous seagrass beds has yet to be 
tested.   
Reduced attenuation of flow within lower density seagrass canopies is often 
linked to decreases in particle deposition and increases in accumulation of coarse, organic 
poor sediments relative to higher density canopies (Lynts 1966, Scoffin 1970, Eckman 
1983, Eckman 1987, Neumeier & Ciavola 2004), but this has not been tested for smaller 
patches within larger seagrass beds.  Also, few studies have address the effects of 
seagrass loss on depositional dynamics within seagrass systems.  Anecdotally Wilson 
(1949) noted a large scale die off of Zostera marina along the Atlantic coasts of Europe 
in the early 1930’s resulted in substantial sediment erosion, and Marshall & Lukas (1970) 
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found no shift in sediment characteristics one month following the experimental removal 
of seagrass (Zostera marina) from ~200 m2 plots.  Thus, further experimental studies that 
address small scale seagrass reduction and loss are needed to assess implications of local 
disturbances and fragmentation on larger seagrass ecosystems and services.      
In order to further investigate how seagrass loss might impact ecosystem function, 
linked to depositional processes (here measured as particle accumulation) in seagrass 
systems, a series of field experiments were conducted in which small scale (1 m2) bare 
and reduced density seagrass patches were created within larger seagrass (Thalassia 
testudinum) beds and subsequent modifications to flow and particle accumulation were 
directly measured.  The objectives of this study were to determine: 1) how presence of 
small scale bare and reduced density seagrass patches within larger seagrass beds 
modified flow patterns; 2) if reduced T. testudinum shoot density altered patterns of 
particle accumulation within experimental patches; and 3) if modifications to flow could 
be used to predict patterns of particle accumulation within experimental patches.  Given 
previous studies in continuous seagrass beds, it was predicted that a full density canopy 
would attenuate flow to a greater extent within the canopy than patches of seagrass with 
reduced or removed shoot densities.  Along with predicted reductions in flow attenuation, 
it was predicted levels of particle accumulation would also be reduced in bare and 
reduced seagrass density patches in comparison to a full density seagrass bed.   
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METHODS 
Experimental Design 
In order to test the effects of bare and  reduced density seagrass patches within a 
larger, continuous seagrass bed on within canopy hydrodynamics and depositional 
processes, experimental patches with shoots densities ranging from full density to bare 
were created in seagrass, Thalassia testudinum, beds.  Four density treatments (full, 50%, 
10%, and bare) were created from naturally existing T. testudinum beds by removing 
specific shoots percentages.  Accordingly, for the full density treatment no shoots were 
removed, half of the shoots were removed for the 50% treatment, 90% of the original 
shoot density was removed for the 10% treatment, and all of the shoots were removed 
from the patches of the bare treatment.  Shoots and all above ground biomass were 
removed by hand in all shoot removal treatments, and full patches with no shoot removal 
were likewise disturbed by simulating blade removal.    
The study was conducted at two sites, North Skyway (27º39’02.11”N, 
82º40’44.57”W) and East Beach (27º38”16.77”N, 82º41’41.70”W), in lower Tampa Bay, 
FL near Ft. DeSoto Park (Figure 1).  The sites were separated by ~2 km and were 
characterized by continuous, monospecific T. testudinum beds in ~1 m water depth that 
experienced at daily tidal range of ~0.5 m.  Average (± SD) shoot densities were 449.1 ± 
87.53 shoots m-2 at the North Skyway site and 481.6 ± 93.31 shoots m-2 at the East Beach 
site.   
At each study site, two experimental patches 1m2 (1m x 1m) in size were created 
for each density treatment, for a total of eight experimental patches created per site.  The 
size of the patches was chosen based upon the results of a pilot study, which suggested  
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Figure 15 Location of study sites,  North skyway (27º39’02.11”N, 82º40’44.57”W) 
and  East Beach (27º38”16.77”N, 82º41’41.70”W), in lower Tampa Bay, FL.  
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that increases in within canopy flow speeds due to reductions in seagrass shoot density 
could be detected within patches of these dimensions (i.e. 1 m x 1 m).  Patches were 
placed ≥5 m from the leading edge of larger, continuous seagrass beds, ≥5 m apart from  
each other within the seagrass beds, and were marked by PVC poles at each of the four 
corners of the patch. 
The study was conducted at the North Skyway site from July 9th to August 13th, 
2008 and from July 23rd to July 30th and September 18th to October 16th, 2008 at the East 
Beach site.  Timing of experiments was limited by weather conditions.  Over the 9 week 
study period, week long experiments were conducted, for a total of five replicate 
experiments per seagrass density treatment at each of the study sites.  Results of a pilot 
study indicated particle accumulation over a week long period provided a sufficient 
sample size to detect differences in particle accumulation between seagrass density 
treatments.   
 
Particle Accumulation 
To provide quantitative measures of sediment accumulation in seagrass habitats, 
particle collectors, 144 cm2 (12 cm x 12 cm) in size and composed of 1 cm thick blue 
fiberglass air conditioning filter material, were placed in the center of each experimental 
patch, flush with the sediment surface and secured by garden stakes.  Particle collectors 
were retrieved at the end of each week long experiment.   
Particle collectors used provided a quantitative estimate of particle flux (g m-2 
day-1) to experimental patches, referred to in this study as particle accumulation.  
Specifically, particles retained on collectors mainly reflect measure of deposition with 
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minor amounts of resuspension assumed, but not directly measured.  Probability of 
particle resuspension was artificially reduced due to adhesive nature of the material that 
composes collectors and placement of collectors flat on the bottom in region of reduced 
shear stress.  Measures of deposition coupled with direct measures of in canopy flow 
have seldom been used in similar in situ studies (Gacia et al. 1999, Granata et al. 2001, 
Hasegawa et al. 2008).   
To detect differences in the amounts and composition of the particles that were 
accumulated among seagrass density treatments, collected particles were first rinsed over 
a series of sieves and divided into large (≥125 μm), medium (125 to 63 μm), and small 
(≤63 μm) size fractions.  All the size fractions were dried to a constant weight at 60ºC for 
24 to 48 h and combusted for organic content at 500ºC for 4 h.  Large and medium size 
fractions were also combusted for carbonate content at 950ºC for ≥2 h.  The Whatman 
GF/C filters (47 mm diameter; 1.2 μm pore size) onto which small particle size fractions 
were filtered are only usable at temperatures up to 500ºC, which prohibited combusting 
this size fraction at 950ºC for carbonates.   
 
Total Suspended Solids  
In addition to the particle samples, at the start and end of each week long 
experiment, total suspended solid (TSS) samples were collected from the water column.  
Three 1 L TSS sub-samples, that were later averaged, were collected each week from 
mid-water depth.  The TSS samples were filtered onto pre-combusted (500ºC for 4 h) 
Whatman GF/F filters (47 mm diameter; 0.7 μm pore size), dried to a constant weight  at 
60ºC for 24 to 48 h and combusted for organics at 500ºC for 4 h.  Similar methods have 
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been employed by other studies (Ward et al. 1984, Irlandi & Peterson 1991, Koch 1999, 
James et al. 2004).   
Discriminant sampling, as was employed in this study, can be limiting in the 
sense that collected samples may not accurately reflect an integrated variable 
measurement as is provided by continuous samples.  Specifically, fluctuations in TSS 
concentrations in the water column over the experimental time period, as a result of 
storms and other high wind events or even tidal intensity (i.e. spring v. neap tides), may 
not reflected in discriminant TSS samples.  To gain a better understanding of how 
concentrations of TSS in the water column fluctuate samples collected over the entire 
experimental time period (e.g. daily TSS sampling) would have been desirable.   
TSS samples represent a measurement of the concentration (g L-1) of suspended 
solids, both sedimentary and organic in nature, present in the water column.  These 
samples provide an indication of the amount of particles suspended in the water column 
overlying the experimental patches that theoretically could be accumulated and to check 
for significant site bias.  It is important to note that while concentrations of TSS in the 
water column may be similar between two sites the flux of particles over a defined area 
can differ greatly.  Even when TSS concentrations are similar, the amount of TSS passing 
over an area per unit time should be greater for sites with higher flow speeds when 
compared to sites with slower flows.          
 
Data Analysis 
Particles accumulated on collectors, as well as TSS and sediment samples, were 
analyzed for percent organic and carbonate content following the loss on ignition (LOI) 
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method detailed in Heiri et al. (2001).  Differences in the amounts and types of particles 
(dry weight, % dry weight, dry weight of organic matter, % organic matter, dry weight of 
carbonate content, and % carbonate content for each particle sample and size fraction) 
accumulated in the experimental density treatments, both between sites and among 
density treatments, were tested for using a two factor MANOVA (21 variables), when 
assumptions of normality and equality of variances were met (SPSS Statistics 17.0).  
When significant differences were detected, subsequent post-hoc tests (ANOVA) were 
preformed.  Each week long experiment (n = 5) was treated as a replicate, and within 
these replicates, particle accumulation measures for duplicate experimental patches 
created were averaged for analysis.   
One factor MANOVA was used to test for differences in the amounts (dry weight, 
g L-1) and organic matter composition (dry weight of organics, g L-1 and % organics) of 
TSS measured in the water column at the experimental study sites (North Skyway and 
East Beach), when assumptions of normality and equality of variances were met (SPSS 
Statistics 17.0).  Post-hoc tests (ANOVA) were performed when significant differences 
were detected.   
 
Hydrodynamic Characterization 
Velocity profiles characterizing water flow through and above the canopies of the 
experimental density treatments were measured within each experimental patch at the end 
of the week long experiment.  Profiles were obtained with an Acoustic Doppler 
Velocimeter (ADV; Nortek Field Vector), which can measure velocity components along 
the X, Y, and Z axes.  Velocity measurements along each axis are derived from signals 
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scattered by small particles within a specific sampling volume.  The ADV probe was 
attached to a vertically adjustable arm extended ~0.4 m from a vertical pole affixed to a 
flat bottomed weight base, allowing for velocity measurements to be collected at varying 
heights above the bottom.  Profiles for each experimental patch were measured in the 
center of the patch and included at least six heights above the sediment, with at least four 
of the measurements occurring within and at the top of the canopies of the experimental 
patches.  Velocity measurements were collected with the probe facing down and the X-
axis element of the probe aligned parallel with the direction of dominant flow at a 
sampling rate of 32 Hz and sampling lengths at least 2 minutes in duration to obtain 
velocity measurements from which turbulence could be quantified.  Any seagrass blades 
in direct contact with the ADV sensors were removed for velocity measurements within 
the seagrass canopy to prevent interference with data collection.  Previous studies have 
shown no significant effect of removing a relatively small number of leaves on flow 
measurements taken in vegetative communities (Ikeda and Kanazawa 1996).  Much of 
water flow in Tampa Bay is tidally driven, although wind waves also contribute to the 
hydrodynamic setting, so all velocity profiles were measured either during mid-incoming 
or -outgoing tides to ensure that tidal flow was at its peak, thereby representing maximum 
flows experienced by the sites and experimental patches. 
All velocity profile data files generated were low pass filtered to remove the high 
frequency noise.  Files were filtered by discarding any samples within the file with signal 
to noise ratios (SNR) less than 15 and correlation coefficients, which provide measure of 
the reliability of and amount of noise in samples, less than 90.  Additionally, any velocity 
readings greater than 1.5 standard deviations from the local velocity mean were filled in 
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with local velocity means, which essentially flattens out any regions in the data with large 
spikes.  Files with too many samples exceeding the 1.5 standard deviation threshold value 
were discarded.  Using filtered data, mean velocities (m s-1) in X, Y, and Z directions, 
speed (m s-1), turbulent kinetic energy (m2 s-2), and Reynolds shear stress (Pa) were 
calculated (Bouma et al. 2007).  Bulk flow (m s-1) values represent speed of the overlying 
flow and were measured at mid-water column depth above the canopy of each 
experimental treatment.   
 
RESULTS 
Hydrodynamic Characterization 
At both experimental sites, North Skyway and East Beach, overall flow was 
sluggish with maximum flow speeds not exceeding 0.08 m s-1 (Figure 16).  Statistical 
testing indicated no significant interaction between study site and experimental seagrass 
density on bulk flow values (ANOVA: F3, 31 = 0.956, P = 0.426, Appendix: Table 13).  
Additionally, no significant differences in bulk flow values were detected either between 
the two study sites (ANOVA: F1, 31 = 3.264, P = 0.081; Appendix: Table 13) or among 
the four experimental seagrass density treatments (ANOVA: F3, 31 = 0.428, P = 0.735; 
Appendix: Table 13).  No significant reduction in flow speed within the canopy was 
found either among seagrass density treatments (F3,32 = 0.65, P = 0.59) or between study 
sites (F1,34 = 1.46, P = 0.23).       
 Profiles of average flow speeds illustrate flow both within and above the 
canopies of the seagrass density treatment patches were similar, suggesting that density 
had little effect on flow (Figure17).  When profiles within and above the canopies of full  
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Figure 16 Average (± SEM, n = 6) bulk flow speeds (m s-1) measured above 
experimentally thinned patches of seagrass (Thalassia testudinum) with shoot densities 
ranging from full density (full), half of the original shoot density (50%), 10% of the 
original density (10%), and complete shoot removal (bare) at two study sites (  North 
Skyway and  East Beach) in Tampa Bay, FL.   
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shoot density beds and bare patches were compared on days with maximum flow speeds, 
no attenuation of flow was measured either within or above the full density canopy 
(Figure 18a).  In contrast, on days with minimum flow speeds, there is some flow 
attenuation within the full seagrass density canopies (Figure18b), suggesting that the 
presence of a canopy had an effect on flow under slow flow conditions (<0.02 m s-1). 
Measurements of turbulent kinetic energy (m2 s-2) within and above the canopy of 
the seagrass density treatments increased as overlying flow speed (m s-1) increased 
(Figure 19), but comparison of regression coefficients for the full (y = 0.19x1.79, R2 = 
0.912), 50% (y = 0.17x1.81, R2 = 0.90), 10% (y = 0.13x1.73, R2 = 0.91), and Bare (y = 
0.31x1.96, R2 = 0.92) seagrass density treatments found the relationship not to be density 
dependent (ANOVA: F3,189 = 0.51, P = 0.68).  Within the canopy 5 cm above the bottom 
(i.e. 20% of the canopy height) of the full seagrass density treatment (y = 0.20x1.72, R2 = 
0.88), turbulent kinetic energy increased at a slower rate with increasing overlying flow 
speed (m s-1) when compared (ANOVA: F3,28 = 3.34, P = 0.03) to the 50% (y = 1.58x2.24, 
R2 = 0.95), 10% (y = 1.12x2.13, R2 = 0.99), and Bare (y = 2.25x2.36, R2 = 0.98) seagrass 
density treatments (Figure 20).     
Reynolds shear stress (Pa) also increased as overlying flow speed increased 
within and above the canopies of the seagrass density treatments (Figure 21).  The 
relationship was not dependent on treatment density as regression coefficients did not 
significantly differ (ANOVA: F3,189 = 0.64, P = 0.589) among full (y = 4.49x1.70, R2 = 
0.64), 50% (y = 4.77x1.80, R2 = 0.67), 10% (y = 5.46x1.77, R2 = 0.58), and Bare (y = 
9.44x1.93, R2 = 0.75) seagrass density treatments.   
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Figure 17 Speed profiles (m s-1) from field measures of flow within and above canopies 
of experimentally thinned patches of seagrass (Thalassia testudinum) with shoot densities 
ranging from  full density (Full),  half of the original shoot density (50%),  10% of 
the original density (10%), and  complete shoot removal (Bare) and averaged (± SD, n 
= 6) across two study sites (North Skyway and East Beach) in Tampa Bay, FL. Profiles 
shown for heights above the bottom (Z) normalized to deflected canopy height (hd) with 
canopy height indicated by horizontal dashed line (----).   
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Figure 18 Normalized speed profiles (U/Umaximum) from field measures of flow within 
and above the canopy of experimentally thinned patches of seagrass (Thalassia 
testudinum) on days with a) maximum (≥0.04 m s-1) and b) minimum (≤0.02 m s-1) flows. 
Experimental shoot densities included  full shoot density (Full) or  complete shoot 
removal (Bare). Profiles shown for heights above the bottom (Z) normalized to deflected 
canopy height (hd) with canopy height indicated by horizontal dashed line (----).   
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Figure 19 Relationship between turbulent kinetic energy (m2 s-2) within and above the 
canopy of experimentally thinned patches of seagrass (Thalassia testudinum) and 
overlying flow speed (m s-1) for shoot densities ranging from  full density (Full),  
half of the original shoot density (50%),  10% of the original density (10%), a d
complete shoot removal (Bare) at two study sites (North Skyway and East Beach) in 
Tampa Bay, FL.   
n   
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Figure 20 Relationship between turbulent kinetic energy (m2 s-2) within the canopy (i.e. 5 
cm above bottom or 20% of the canopy height) of experimentally thinned patches of 
seagrass (Thalassia testudinum) and overlying flow speed (m s-1) for shoot densities 
ranging from  full density (Full),  half of the original shoot density (50%),  10% of 
the original density (10%), and  complete shoot removal (Bare) at two study sites 
(North Skyway and East Beach) in Tampa Bay, FL.   
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Figure 21 Relationship between Reynolds shear stress (Pa) within and above the canopy 
of experimentally thinned patches of seagrass (Thalassia testudinum) and overlying flow 
speed (m s-1) for shoot densities ranging from  full density (Full),  half of the original 
shoot density (50%),  10% of the original density (10%), and  complete shoot 
removal (Bare) at two study sites (North Skyway and East Beach) in Tampa Bay, FL.   
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Total Suspended Solids 
Significant differences in the dry weight (g L-1), dry weight of organic matter (g 
L-1), and percent organic matter of TSS in the water column was found between the two 
study sties (MANOVA: F3, 34 = 10.868, P < 0.001; Appendix: Table 14).  Differences 
were also found across replicate weeks at the North Skyway (MANOVA: F15, 36 = 3.101, 
P = 0.003; Appendix: Table 14) and East Beach (MANOVA: F18, 39 = 5.268, P < 0.001; 
Appendix: Table 14) sites (Figure 22; Appendix: Table 14).    
 
Particle Accumulation 
  When all characteristics (21 variables) of accumulated particle measures were 
considered, significant differences both between the two study sites (MANOVA: F21, 47 = 
33.856, P < 0.001; Appendix: Table 18) and among the four seagrass density treatments 
(MANOVA: F63, 147 = 1.492, P = 0.026; Appendix: Table 18) were detected.  However, 
no significant interaction between factors was detected (MANOVA: F63, 147 = 1.272, P = 
0.169; Appendix: Table 18).   
Significant differences were found in the dry weight (g m-2 day-1) accumulation of 
particles among seagrass density treatments (ANOVA: F3,67 = 5.318, P <0.001; 
Appendix: Table 19).  Generally, decreased shoot density was accompanied with 
increased dry weight particle accumulation (Figure 23).  Post-hoc testing (Tukey B) 
indicated dry weight particle accumulation to be significantly less by the full and half 
(50%) seagrass density treatments in comparison to the bare treatment (Figure 23).  These 
differences were driven by changes in the dry weight accumulation of ≥125 μm-sized 
particles (ANOVA: F3, 67 = 4.813, P = 0.004; Appendix: Table 19, Figure 24).  This is not  
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Figure 22 Average (± SD, n = 3) a) dry weight (g L-1) of  total suspended solids (TSS), 
b) dry weight of organic matter in TSS (g L-1), and c) percent organic matter in TSS, 
across seven replicate weeks at two experimental study sites (  North Skyway and  
East Beach) in Tampa Bay, FL.   
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Figure 23 Average (± SEM, n = 10) dry weight (g m-2 day-1) of particles accumulated by 
experimentally thinned patches of seagrass (Thalassia testudinum) with shoot densities 
ranging from full density (Full), half of the original shoot density (50%), 10% of the 
original density (10%), and complete shoot removal (Bare) at two study sites (North 
Skyway and East Beach) in Tampa Bay, FL. Values for each experimental treatment 
were averaged across the study sites.  Statistically different groupings indicated by post-
hoc analysis (Tukey B) are represented by upper case lettering (A or B). 
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Figure 24 Average (± SEM, n = 5) dry weight (g m-2 day-1) of particles by particle size 
fraction (m) accumulated in experimentally thinned patches of seagrass (Thalassia 
testudinum) at a) North Skyway and b) East Beach study sties.  Experimental shoot 
densities ranged from  full density (Full),  half of the original shoot density (50%),  
10% of the original density (10%), and  complete shoot removal (Bare) created at two 
study sites in Tampa Bay, FL.   
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unexpected, as most of the particles accumulated (>50%) by the experimental patches, 
across all seagrass density treatments, were in the largest particle size fraction (≥125 μm) 
(Figure 25).   
ANOVA revealed significant differences in percent organic matter composition of 
particles accumulated among the density treatment (ANOVA: F3, 67 = 15.287, P < 0.001; 
Appendix: Table 19).  Particles accumulated in the full and half (50%) seagrass density 
treatment beds had higher organic matter composition in than the lower seagrass density 
treatments (Figure 26).  Differences in organic matter composition between seagrass 
density treatments were not driven by changes in a single particle size class.  Particles 
accumulated by patches with reduced in seagrass density generally had lower percent 
organic matter composition in the <63 μm (ANOVA: F3, 67 = 8.973, P <0.001), 63 μm 
(ANOVA: F3, 67 = 12.211, P <0.001), and ≥125 μm (ANOVA: F3, 67 = 13.657, P <0.001) 
particle size fractions (Appendix: Table 19, Figure 27).  
Percent carbonate composition of particles accumulated were significantly 
different between seagrass density treatments (ANOVA: F3, 67 = 3.697, P = 0.016; 
Appendix: Table 19).  Post-hoc testing (Tukey B) indicated particles accumulated in bare 
treatment patches had significantly lower percent carbonate composition than full 
seagrass density patches (Figure 28).  Although there was a general decrease in the 
percent carbonate composition of accumulated particles with reduced seagrass density 
(Figure 29), significant differences were driven by changes in percent carbonate 
composition of particles accumulated in the 63μ particle size fraction (ANOVA: F3, 67 = 
8.576, P < 0.001; Appendix: Table 19).   
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Figure 25 Average (± SEM, n = 5) percent dry weight by particle size fraction (m) of 
particles accumulated in experimentally thinned patches of seagrass (Thalassia 
testudinum) at a) North Skyway and b) East Beach study sties.  Experimental shoot 
densities ranged from  full density (Full),  half of the original shoot density (50%),  
10% of the original density (10%), and  complete shoot removal (Bare) created at two 
study sites in Tampa Bay, FL.   
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Figure 26 Average (± SEM, n = 10) percent organic matter in particles accumulated by 
experimentally thinned patches of seagrass (Thalassia testudinum) with shoot densities 
ranging from full density (Full), half of the original shoot density (50%), 10% of the 
original density ( 10%), and complete shoot removal (Bare) created at two study sites 
(North Skyway and East Beach) in Tampa Bay, FL.  Values for each experimental 
treatment were averaged across the study sites.  Statistically different groupings indicated 
by post-hoc analysis (Tukey B) are represented by upper case lettering (A or B).   
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Figure 27 Average (± SEM, n = 5) percent organic matter composition by particle size 
fraction (m) of particles accumulated in experimentally thinned patches of seagrass 
(Thalassia testudinum) at a) North Skyway and b) East Beach study sties.  Experimental 
shoot densities ranged from  full density (Full),  half of the original shoot density 
(50%),  10% of the original density (10%), and  complete shoot removal (Bare) 
created at two study sites in Tampa Bay, FL.   
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Figure 28 Average (± SEM, n = 10) percent carbonates in the particles accumulated by 
experimentally thinned patches of seagrass (Thalassia testudinum) with shoot densities 
ranging from full density (Full), half of the original shoot density (50%), 10% of the 
original density (10%), and complete shoot removal (Bare) created at two study sites 
(North Skyway and East Beach) in Tampa Bay, FL.  Values for each experimental 
treatment were averaged across the study sites.  Statistically different groupings indicated 
by post-hoc analysis (Tukey B) are represented by upper case lettering (A or B).   
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Figure 29 Average (± SEM, n = 5) percent carbonate composition by particle size 
fraction of particles accumulated in experimentally thinned patches of seagrass 
(Thalassia testudinum) at a) North Skyway and b) East Beach study sties.  Experimental 
shoot densities ranged from  full density (Full),  half of the original shoot density 
(50%),  10% of the original density (10%), and  complete shoot removal (Bare) 
created at two study sites in Tampa Bay, FL.   
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DISCUSSION 
Particle accumulation in bare and reduced density patches within larger seagrass 
beds differ, most notably in the bare patches, but may not be a function of particle 
deposition from the water column.  Lack of consistent density dependent flow reductions 
or modifications suggest presence of bare or reduced density patches within larger 
seagrass beds have little effect on flow in these systems.  This may account for the low 
amount of density dependent particle accumulation by reduced density seagrass patches 
measured by this study and suggests that large scale measure of ecosystem function (i.e. 
particle accumulation) within seagrass systems may be modified little by the presence of 
small scale gaps or patches within these systems.           
 
Hydrodynamic Characterization 
Density dependent flow reductions were not found for any of the seagrass density 
treatments.  Gacia et al. (1999) detected reductions in current velocities proportional to 
canopy height by altering seagrass (Posidonia oceanica) structure (i.e. canopy height) 
and Peterson et al. (2004) found greater flow reductions within higher density seagrass 
(Zostera marina) canopies, but both did so at the leading edge of a bed where flow first 
encounters the canopy.  Patches for this study were placed ≥5 m in from the leading edge 
of the beds, so flow patterns through and above the T. testudinum canopy were well 
established before encountering patches of altered seagrass densities.  On the scale tested 
(1 m2), gaps within a larger, continuous seagrass bed did little to disrupt pre-established 
flow patterns through and above the seagrass canopy.  Only on days with minimum flow 
(≤0.02 m s-1) was some attenuation of flow measured within the canopy of the dull 
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density bed in comparison to the bare patches, which suggests flow was skimming over 
the patches on days with maximum flow (≥0.04 m s-1).  Gambi et al. (1990) measured 
skimming flows in a flume at overlying velocities as low as 0.05 m s-1, but at seagrass 
(Zostera marina) shoot densities ≥1000 shoots m-1.  This can have implications for 
particle accumulation, as skimming flows potentially reduce the amount of mixing 
between the water column and the canopy (Koch & Gust 1999), and may account for the 
low amount of density dependence in particle accumulation by the patches.           
Measures of both turbulent kinetic energy (m2 s-2) and Reynolds shear stresses 
(Pa) were found to increase as overlying flow speed increased, but these relationships 
were not found to be density dependent.  Fluid momentum is extracted in the form of 
turbulence as flow is disrupted by canopy presence (Denny 1988).  Gambi et al. (1990) 
found turbulence within a seagrass canopy to increase with greater distance from the 
leading edge of the canopy as fluid momentum was progressively extracted as more 
plants were encountered by the flow, but found little effect of density.  This suggests that 
as flow encounters gaps and low density patches within larger seagrass beds, smaller 
sized patches (i.e. ≤1 m across) may not be of sufficient size to alter fluid momentum 
extraction, turbulence, or Reynolds shear stress, a shear stress resulting from turbulent 
velocity fluctuations, regardless of the presence, density, or absence of seagrass within 
these patches.  Lack of density dependence for flow measures that are through to dictate 
levels of particle deposition and resuspension (Granata et al. 2001, Widdows et al. 2008), 
such as turbulent kinetic energy and Reynolds shear stresses, indicate a lack of influence 
on flow by the seagrass density treatments, which may be reflected in the lack of density 
effects on particle accumulation by the seagrass density treatments in this study. 
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Turbulent kinetic energy within the canopy 5 cm above the bottom (20% of canopy 
height) was found to increase at a slower rate in full seagrass density patches when 
compared to the reduced seagrass density treatments.  Nepf (1999) found increased 
turbulence with the addition of low densities (200 stems m-2) of rigid emergent vegetation 
(Spartina alterniflora and mimics) to previously unvegetated areas due to the production 
of additional wakes, but decreased turbulence as increased densities (up to 2000 stems m-
2) reduced flow speed.  In this study reductions in flow speed were generally not found 
when flow through the full density bed was compared to reduced density (50% and 10%) 
or bare patches, but on minimum flow (≤0.02 m s-1) days some flow attenuation was 
measured in the canopy of the full density bed.  This may account for the lower increase 
in turbulent kinetic energy with flow within the canopy of the full density bed, but the 
lack of differences between the remaining density treatments suggests that the presence 
of patches within larger seagrass beds have little effect on flow in these systems.  
 
Particle Accumulation 
Despite the lack of consistent density dependent flow reductions or modifications, 
differences in particle accumulation in bare and reduced density patches within larger 
seagrass beds were measured, suggesting particle accumulation in these patches may not 
be a function of particle deposition from the water column.  Unexpectedly, dry weight (g 
m-2 day-1) particle accumulation was significantly greater in bare treatment patches when 
compared to the half (50%) and full seagrass density patches, driven by accumulation 
differences in ≥125 m-sized particles.  Maltese et al. (2007) found flow recirculation 
cells and stagnant regions form within 1 m long gaps of seagrass (Posidonia oceanica) 
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mimics tested in a flume under both fast (0.055 m s-1) and slow (0.017 m s-1) flow 
conditions.  In the current study presence of flow recirculation cells and stagnant regions 
could help account for increased dry weight particle accumulation in bare treatment 
patches.  Advection of flow into the gap by the flow recirculation cell would have 
increased mixing between the bottom and the water column, which could have increased 
particle transfer to the collectors either via deposition from the water column or bed load 
transfer from within the patch.  Gacia et al. (1999) and Gacia & Duarte (2001) found 
amounts of secondary deposition (i.e. deposition of resuspended particles) to be greater 
than primary deposition, suggesting resuspension may increase particle accumulation 
when the difference between secondary deposition and resuspension is greater than 
primary deposition.  Similarly, Granata et al. (2001) found a gradient of decreasing 
deposition following a storm to be inversely proportional to Posidonia oceanica shoot 
density resulting from reduced resuspension with increased density.  This suggest the 
presence of resuspension in bare treatment patches could have increased particle 
accumulation when compared to reduced and full density patches, which likely 
experienced low to no resuspension. 
Although dry weight (g m-2 day-1) particle accumulation was significantly greater 
in bare treatment patches, the percent organic matter and carbonate composition of 
particles accumulated in full seagrass density patches were significantly greater in 
comparison to bare seagrass patches.  This suggests some differences in accumulation 
among density treatments may be the result of the seagrass beds and the organisms 
occupying them contributing material (i.e. organic and inorganic detritus) to the particles 
accumulated in the beds.  Previous studies have suggested deposition of particles from 
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the water column can be minimal in seagrass beds (Gacia et al. 1999; Gacia and Duarte 
2001; Neumeier and Ciavola 2004; Widdows et al. 2008), indicating some of the particles 
accumulated must be generated by components (e.g. mollusk shells, calcareous 
macroalgae, senescent seagrass leaves) within the bed.  Duarte et al. (1999) found large 
biovolumes of seagrass derived detritus, sometimes five-fold greater than that of the 
living seagrass, within Posidonia oceanica seagrass beds.  Additionally, the presence of 
seagrass increases faunal abundances (O'Gower & Wacasey 1967, Lewis & Stoner 1983, 
Edgar 1990, Hirst & Attrill 2008), which could further contribute to the organic and 
inorganic matter accumulated within seagrass beds.  As was previous suggested, 
formation of a flow recirculation cell within the bare treatment patches may have 
enhanced deposition of particles from the water column in these bare patches.  If within 
the full density beds the particles accumulating were bed generated this would account 
for the significant differences found in percent organic matter and carbonate composition 
of particles accumulated by the bare and full density patches.  
With the exception of a flume set study that utilized seagrass (Posidonia 
oceanica) mimics (Maltese et al. 2007), measurements of flow in gaps and reduced 
density patches within larger seagrass canopies has not been previously reported.  Past 
studies have focused on measures of flow either at the upstream edge of in situ seagrass 
canopies (Gacia et al. 1999, Peterson et al. 2004) or isolated patches in flumes (Folkard 
2005).  In addition, no study has coupled flow measurements in bare and reduced density 
patches with measures of particle accumulation to address processes of sedimentation in 
locally patchy or fragmented seagrass systems.  Previous studies have focused on the 
influence of  vegetation presence on particle accumulation (Gacia et al. 2003, Hasegawa 
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et al. 2008), but not the effects of seagrass loss.  Those studies that do address density 
effects focus on differences in the sediment characteristics (i.e. degree of sorting, 
sediment size distribution, and organic matter content) as indicators of modified particle 
accumulation, but do not consider direct measures of particle accumulation (Lynts 1966, 
Kenworthy et al. 1982, Eckman 1983, Fonseca et al. 1983, Eckman 1987) as was 
measured in this study. More studies similar to this are needed to fully address the extent 
to which the presences of small scale bare and reduced density patches in larger, 
continuous  seagrass beds alter ecosystem function (i.e. particle accumulation) and 
associated services (e.g. sediment stabilization, water clarity) provided by seagrass 
systems.   
 
Conclusions 
Although gaps and reduced density patches can be common within larger seagrass 
beds (Townsend & Fonseca 1988, Creed & Amado Filho 1999, Bell et al. 2002), the 
presence of small scale (1 m2)  gaps and patches may not significantly alter 
hydrodynamic conditions and depositional processes in seagrass systems.  Significant 
reductions in flow generally were not measured within the canopy of any of the treatment 
patches, save for some attenuation of flow with the canopy of the full seagrass density 
bed on minimal flow days.  Lack of altered flow in treatment patches was reflected in the 
lack of strong density dependent effects on particle accumulation.  Bare patches were 
found to have significantly greater dry weight (g m-2 day-1) particle accumulation when 
compared to reduced and full seagrass density patches, possibly resulting from the 
formation of a flow recirculation cell increasing particle deposition or bed load transfer 
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within the bare patches.  In contrast, percent organic matter and carbonate composition of 
the particles accumulated in the full seagrass density beds was significantly greater, 
suggesting that the particles accumulated in these plots are likely generated by the beds 
themselves.  Although this study suggests small scale (1 m2) and widely spread (>5 m 
apart) bare and reduced density patches within larger seagrass beds may have little effect 
on seagrass ecosystem processes, as seagrass landscapes become increasingly patchy or 
fragmented the resulting altered flow conditions (Folkard 2005, Maltese et al. 2007) and 
faunal community composition (Edgar & Robertson 1992, Reed & Hovel 2006) may 
modify irreplaceable functions and services provided by this highly productive 
ecosystem. 
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Chapter 4 
 
Investigation of the Effects of Submerged Aquatic Vegetation and Hydrodynamic 
Regime on Select Ecosystem Processes in Vegetated Systems: A Review 
 
INTRODUCTION 
Submerged aquatic vegetation (SAV), such as seagrasses, macroalgae, and 
marshgrasses, dominate coastal regions worldwide.  These SAV habitats, in addition to 
being highly productive communities, provide extensive and highly valuable ecosystem 
services.  Services linked to SAV systems include providing habitats for many 
commercially important fauna and their prey (Heck et al. 1995), nutrient cycling 
(Erftemeijer & Middelburg 1995), food sources for endangered species (Bjorndal 1980, 
Reich & Worthy 2006), such as dugongs, manatees, and green turtles, and reduced 
coastal erosion and increased water clarity (Marba & Duarte 1997) in SAV systems and 
adjacent habitats due to sediment trapping and stabilization (Ward et al. 1984, Koch 
1999, Terrados & Duarte 2000, Gacia & Duarte 2001).  Ecosystem services provided by 
SAV systems are highly dependent on the overall processes and interactions that operate 
within these ecosystems.  Becoming more apparent is that the complex set of underlying 
processes, such as trophic energy transfer, denitrification, and sedimentation, that 
characterize ecosystem function in these systems and are modified by the template of 
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environmental variables, such as sediment properties, SAV structure, hydrodynamic 
conditions (Touchette & Burkholder 2000, Eyre & Ferguson 2002, Vizzini & Mazzola 
2006, Hasegawa et al. 2008) present in these ecosystems. 
Many of the environmental and ecological variables that influence the ecosystem 
function of SAV systems, such as extent and complexity of SAV structure, sediment 
properties, and faunal community composition, have been arguably well studied (e.g. 
Orth 1973, Fonseca et al. 1983, Eckman 1987, Edgar & Robertson 1992).  One often 
ignored or understudied environmental variable that can have a measurable effect on 
SAV ecosystem function is hydrodynamic setting, characterized by diverse variables 
such as flow speed, turbulence intensity, flow origin (i.e. tides v. waves), and shear stress 
(Koch and Gust 1999).  In seagrass and other soft bottom systems, changes in 
hydrodynamic conditions alter habitat characteristics such as SAV density and 
morphology (Polte et al. 2005), presence of epiphytes (Schanz et al. 2002), as well as 
geochemical sediment properties (Kenworthy et al. 1982), which in turn can result in 
highly variable ecosystem function, such as amount of food resources, sediment stability, 
and nutrient cycling.   
In addition to hydrodynamic conditions modifying habitat characteristics, flow 
can also impact faunal communities residing in these habitats.  High seawater flux to 
seagrass beds is accompanied by enhanced larval recruitment (Eckman 1987), followed 
by larval deposition, especially in areas where flow is reduced at the canopy edge 
(Bologna & Heck 2002).  Growth rates in filter feeding bivalves (Mercenaria 
mercenaria) are increased by enhanced flux rates of suspended food particles to seagrass 
(Halodule wrightii and Zostera marina) habitats under high flow conditions (Irlandi & 
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Peterson 1991, Irlandi 1996).  These findings suggest that ecosystem function in these 
systems may not be equivalent across flow regimes.  
The purpose of this review is to evaluate existing information on links between 
hydrodynamic regime and ecosystem function associated with SAV systems.  
Specifically, the objectives are to: 1) summarize current knowledge regarding effects of 
SAV on hydrodynamic characteristics (e.g. velocity, turbulence, shear stress, etc.) and 
cascading effects on sedimentation and faunal communities in SAV systems; 2) 
summarize relationships recorded between sedimentation and the presence and/or amount 
of structural components (e.g. density, canopy height, biomass, etc.) of SAV, and how 
hydrodynamic conditions can modify that relationship; 3) explore the link between SAV 
presence and/or amount of structure and faunal community characteristics (e.g. 
abundance, richness, diversity, biomass, etc.) and effects hydrodynamic regime may have 
on that link; and 4) discuss the importance of  considering hydrodynamics when 
exploring measures of ecosystem function, such as sedimentation and faunal community 
characteristics, across flow regimes. 
This review, focuses mainly on experimental studies that considered marine, 
estuarine, and some freshwater submerged aquatic vegetation (SAV) inhabiting soft 
sediments.  It is restricted to surveying studies investigating invertebrate faunal species 
with well known affinities for SAV as a primary or exclusive habitat, such as epifauna 
and species with low mobility, as these would most likely be influenced by 
hydrodynamics and/or sediment characteristics.       
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 BACKGROUND 
Hydrodynamics and SAV  
Many studies have demonstrated that seagrasses and other SAV reduce currents 
(Almasi et al. 1987, Ackerman & Okubo 1993, Nikora et al. 1998, Heiss et al. 2000, 
Madsen et al. 2001), attenuate waves, and dampen turbulence within their vegetative 
canopies (Madsen 1983, Leonard & Luther 1995).  The extent to which SAV both 
reduces currents and attenuates waves is dependent on multiple factors including 
prevailing hydrodynamic conditions (e.g. tides vs. waves, turbulences, shear stress, etc.), 
canopy height, and vegetation structure.   
 
Hydrodynamic Conditions 
The relationship between ecosystem function (e.g. sediment capture and 
resuspension, larval trapping, etc.) and SAV is highly dependent on the hydrodynamic 
environment (e.g. dominance of tide or wave action, flow speed, etc.), present in the 
habitat.  In tide dominated or unidirectional flow conditions, currents cause blades to 
bend in a single direction, often for hours at a time, only to change direction with the tide.  
The overlapping, bent canopy can effectively create a barrier between the environments 
above and within SAV beds.  Mixing between the overlying water column and the bed 
should be reduced in this situation (Koch & Gust 1999).  Under wave dominated or 
oscillatory flow conditions, blades tend to flap at high frequencies as flow oscillates back 
and forth, effectively opening and closing the canopy every few seconds.  Under these 
conditions, there should be increased mixing between the overlying water column and 
SAV bed (Koch & Gust 1999).  The process of mixing between the water column and the 
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canopy allows for nutrient (e.g. nitrogen, phosphorus, etc.) and particle (e.g. sediments, 
organic matter, larvae, etc.) exchange between these two environments, thus the degree of 
mixing can have important consequences for measures of ecosystem function, such as 
sedimentation and faunal community characteristics, which will be discussed further in 
subsequent sections.      
The extent of mixing between the water column and the canopy is also highly 
dependent on flow velocity and can transform the influences of unidirectional verses 
oscillatory flows in SAV systems.  In high flows, SAV canopies deflect currents above 
and around the bed, which produces intensification in deflected flow (Gambi et al. 1990, 
Sand-Jensen & Mebus 1996, Verduin & Backhaus 2000, Backhaus & Verduin 2008, 
Widdows et al. 2008).   This may potentially result in reduced mixing between the 
canopy and the overlying water column (Koch & Gust 1999).  Conversely, any 
significant reductions in flow due to SAV may be reduced or negligible under low flow 
conditions (Heiss et al. 2000), so deflection and intensification of flow above and around 
SAV beds and the possible accompanying reductions in mixing observed under higher 
flow conditions are usually not found (Koch & Gust 1999).  Certain hydrodynamic 
conditions (i.e. ambient currents in excess 10 cm s-1) result in ‘monami’ (i.e. seagrass 
blades moving in a waving motion) due to hydroelasticity of plants causing velocity 
fluctuations both within and above the canopy (Ackerman & Okubo 1993, Grizzle et al. 
1996).  When ‘monami’ is present, turbulent vertical transport of momentum is enhanced 
(Ghisalberti & Nepf 2002), and exchange between the water column and within the 
meadow increased (Koch & Gust 1999, Granata et al. 2001).  Thus, the degree of mixing 
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between the water column and the canopy is highly dependent on prevailing 
hydrodynamic conditions (e.g. tide versus wave dominated water flow, flow speed, etc.).    
Prevailing hydrodynamic conditions modify not only the degree of mixing 
between the water column and SAV canopies, but also that within SAV canopies due to 
turbulence and shear stress.  As flow transitions from laminar to turbulent, fluctuations in 
velocity resulting from vibrations in flow or imperfections in substrate are no longer 
dampened by viscosity and eddies are formed (Denny 1988).  The latter have properties 
of the fluid contained within them, so they are an efficient way of transferring mass and 
momentum.  The size and number of eddies formed provide an indication of the amount 
of turbulence present in the system.  Shear stresses give an indication of the velocity 
gradient, so the greater the difference in flow between two heights above the bottom, the 
greater the shear stress (Denny 1988).  At the canopy-water interface, turbulence intensity 
and shear stress increase dramatically, which enhances exchange between the canopy and 
overlying waters (Gambi et al. 1990, Ikeda & Kanasawa 1996, Nepf & Vivioni 2000, 
Hendricks et al. 2008, Widdows et al. 2008).  Within SAV canopies, the hydrodynamic 
environment is usually characterized by suppressed turbulence and low shear stresses 
(Anderson & Charters 1982, Gambi et al. 1990, Nepf & Vivioni 2000, Hendricks et al. 
2008), and consequently reduced mixing (Ackerman & Okubo 1993), as currents are 
reduced and waves are attenuated, and momentum is lost due to the friction drag of the 
SAV canopy.  The exception is sparse SAV canopies, which tend to experience higher 
turbulence intensities than their dense counterparts (Worcester 1995, Nepf 1999).  
Reduced mixing within SAV canopies can lead to both reduced sediment trapping and 
 89
larval capture (Grizzle et al. 1996, Granata et al. 2001) and reduced mass transfer of 
dissolved nutrients and gasses needed for photosynthesis by SAV.      
 
Canopy Height 
The proportion of the water column occupied by SAV beds can have a 
measureable effect on flow in these systems.  When water depth is greater than SAV 
canopy depth, waves are not effectively attenuated, but when the SAV canopy extends 
through the entire water column, current velocities are effectively reduced (Ward et al. 
1984, Fonseca & Fisher 1986, Neumeier & Ciavola 2004, Moller 2006) and wave energy 
is attenuated (Koch 1999, Chen et al. 2007).  Fonseca & Cahalan (1992) showed that 
percent wave energy reductions were 40% when canopy height and water depth were 
near equal.  Similarly, Gacia et al. (1999) found that current velocities were reduced 
proportionally with height of seagrass (Posidonia oceanica) canopy.  Under wave 
dominated flow conditions, the ability of SAV to attenuate waves either plateaus or is 
reduced as wave height increases with respect to canopy height (Moller 2006, Bradley & 
Hauser 2009).  Consequently, the ability of emergent SAV, such as saltmarsh grasses, to 
attenuate waves to a greater extent than subtidal SAV, such as seagrasses and 
macroalgae, complicates comparisons of ecosystem function (e.g. sediment trapping, 
larval capture, etc.) across SAV types (Peralta et al. 2008) and different water depths. 
Distinct hydrodynamic environments above and within SAV canopies are seen in 
tide dominated systems when the canopy does not occupy the entire water column.  
Above the structure of the canopy, as with over bare sand, flow profiles tend to be 
logarithmically shaped, with flow increasing until the prevailing flow speed is reached 
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(Nikora et al. 1998, Abdelrhman 2003, Neumeier & Ciavola 2004).  Within the canopy, 
flow profiles follow a sigmodal shape.  Flow sharply increases both with distance from 
the bottom and as resistance due to the presence of the canopy is reduced at the canopy-
water interface, resulting in both horizontal mixing in the canopy and vertical mixing 
between the canopy and the water column (Nepf & Vivoni 2000).  In contrast, flow 
profiles in emergent SAV canopies or those that occupy the entire water column often 
resemble profiles over bare sand or above the structure of an SAV canopy (Nepf et al. 
1999), where only horizontal mixing is present between the water column and SAV 
canopies and small scale turbulence makes diffusive transport slow within the canopy 
(Nepf & Vivoni 2000).  Thus, the extent SAV canopies occupy the water column can 
have important implications concerning the extent of diffusion and mixing both within 
the canopy and between the water column and the canopy. 
 
Vegetation Structure  
While impacts of canopy height on hydrodynamic characteristics have been 
investigated at length, some disagreement exists concerning the relationship between 
other measures of SAV structure, such as SAV density, and reduction of currents and 
attenuation of waves in SAV systems.  Studies considering the effects of SAV density on 
flow patterns using laboratory flumes have reported no consistent effect of density on 
current reduction or turbulence generation (Fonseca et al. 1982, Fonseca & Fisher 1986, 
Gambi et al. 1990, Fonseca & Cahalan 1992).  In contrast, field studies focused on flow 
measures in high versus low SAV densities have found the opposite (i.e. consistent 
reductions in currents and turbulence with increasing SAV densities) (Eckman 1987, 
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Leonard & Luther 1995, Peterson et al. 2004).  While conditions of studies concerning 
the interaction between SAV and flow conducted using flumes have the benefit of being 
more controlled than field experiments, they are also usually constrained by width, depth, 
and working length of the flume, in addition to that distribution of the SAV within the 
flume.  For example, Fonseca and Koehl (2006) found SAV canopies that extended the 
entire width of a flume working section were less effective at reducing current velocities 
within the SAV canopy than narrow SAV patches.  Thus, discrepancies between field and 
flume studies may be more a result of experimental design than actual differences.   
   Although effects may not be consistent across experimental settings, increases in 
SAV density generally reduce currents (Leonard & Luther 1995, Widdows & Brinsley 
2002), increase attenuation of waves (Koch & Gust 1999, Chen et al. 2007), and decrease 
turbulence (Leonard & Luther 1995, Koch & Gust 1999, Luhar et al. 2008).  Specifically, 
a study by Widdows et al. (2008) showed up to a 40% reduction in near-bed flow in 
dense seagrass canopies (Zostera noltii) when compared to prevailing flow, and Peterson 
et al. (2004) showed that flow within the canopy of a seagrass (Zostera marina) bed was 
predicted to vary inversely with the square root of the shoot density.  In contrast, 
significant reductions in velocity (Sand-Jensen & Mebus 1996) and turbulent stress 
(Luhar et al. 2008) inside versus outside SAV beds can be reduced or disappear 
completely, when SAV density is sparse.  Functionally, sparse beds can act very similarly 
to unvegetated bare areas, and the ecosystem services they provide may be quite different 
than those provided by dense SAV beds, particularly with respect to sediment trapping 
and faunal capture.  Thus, many of the ecosystem characteristics often associated with 
SAV beds, such as high amounts of sedimentary silt-clays and organic matter, increased 
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water clarity, and distinct faunal communities, may no longer be evident in sparse beds 
when the hydrodynamic environment (i.e. flow and turbulence) experienced inside SAV 
beds resembles conditions outside the beds.   
 
Hydrodynamics, SAV, and Sedimentation  
Hydrodynamics and SAV characteristics, as discussed above, set up a complex 
suite of potential effects on sedimentation within SAV habitats.  Perhaps the most often 
reported link is that reductions in hydrodynamic conditions are often assumed to be 
accompanied by corresponding increases in deposition (Ward et al. 1984), decreases in 
resuspension (Gacia & Duarte 2001), and modification of sediment characteristics toward 
more fine and organic rich (Peterson et al. 1984), within versus outside SAV beds (Figure 
, Figure ).  As velocity increases, the probability of particle resuspension and size of 
particle that can be resuspended also increase.  Thus, coarser sediments coupled with 
elevated resuspension experienced by unvegetated areas, in comparison to SAV beds, are 
most likely the direct result of more frequent and/or extended exposure to velocities 
above critical friction velocities.     
Resuspension can vary over temporally as a result of predictable (e.g. daily tidal 
cycles, annual SAV die-back, etc.) and unpredictable (e.g. storms, wide-spread SAV die-
offs, etc.) events (Wilson 1949, Granata et al. 2001).  During ebb tide, suspended solids, 
in addition to phosphorus and silicate concentrations, are higher in water ebbing from 
denuded mudflats than from seagrass-covered mudflats  
 
 
 
 
 
 
 
 
 
 
 
 
WATER SURFACE 
a b SUSPENDED SUSPENDED 
SOLIDS SOLIDS 
DEPOSITION RESUSPENSION 
FLOW FLOW 
SAV SAV 
 93
 
 
SEDIMENT 
Figure 30 Conceptual models of the interactions between submerged aquatic vegetation 
(SAV) and sedimentation under equivalent hydrodynamic conditions and how those 
interactions are modified by varying SAV densities.  When SAV densities are high (a), 
flow is attenuated, deposition increases, and concentration of suspended solids is reduced.  
In contrast, when SAV densities are low (b), flow attenuation is reduced, and 
resuspension and concentrations of suspended solids are increased. 
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Figure 31 Conceptual models of interactions between equivalent densities of submerged 
aquatic vegetation (SAV) and sedimentation and how those interactions are modified by 
hydrodynamic conditions.  Under low flow conditions (a), flow is attenuated, sediments 
are deposited, and concentration of suspended solids is decreased.  As flow increases (b), 
flow attenuation is reduced, and resuspension and suspended solids concentrations are 
increased.   
 
 
 
 
 
 
 
 
 
FLOW 
FLOW 
SAV SAV 
RESUSPENSION 
SEDIMENT 
 95
(Bulthuis et al. 1984), but these daily tide induced resuspension events may only play a 
small roll in overall sediment dynamics of a system.  Unpredictable, intense resuspension 
events resulting from storms and other elevated wind episodes can prove more important, 
causing significant increases in particle movement (i.e. sediments and seagrass seed 
banks) or resuspension within SAV beds (Ward et al. 1984, Dauby et al. 1995, Asmus & 
Asmus 2000, Granata et al. 2001, Paling et al. 2003, Bell et al. 2008).  Consequently, 
large resuspension events may eclipse any differences in sedimentation resulting from 
daily depositional fluctuations. 
Resuspension and particle (i.e. sediments and associated organic matter) loss in 
SAV habitats may be a necessary process for maintaining these habitats.  Elevated levels 
of organic matter are often accumulated in SAV beds in comparison to adjacent 
unvegetated areas (Kenworthy et al. 1982), but it has been suggested that accumulation of 
>5% organic matter in the sediment may lead to loss of SAV due to build up of toxic 
compounds (Barko & Smart 1983, Barko & Smart 1986) or changes to structural growth 
patterns (Wicks et al. 2009).  Additionally, accumulation of sediments with high silt-clay 
and organic matter content increase concentrations of sulfides and the extent of anoxia in 
the sediments, which may adversely affect faunal survivorship (Neira et al. 2006).  Under 
these conditions resuspension and removal of some accumulated sediments and organic 
matter may be necessary to prevent faunal community loss (Neira et al. 2006).   
The importance of SAV in shallow, near shore environments is not only due to 
their ability to reduce resuspension, but SAV structure can also act as a filter by trapping 
and stabilizing sediments and increasing water clarity (Chen et al. 2007).  Such impacts 
can be beneficial to growth and production of both SAV and ecosystems farther off 
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shore, such as coral reefs (Yamamuro et al. 2003).  Deposition tends to be reduced when 
the flux of particles (i.e. amount of particles in the water column that pass over the SAV 
canopies per unit time) to SAV canopies is reduced, as a function of either low particle 
concentrations in the water column or slow flow (Granata et al. 2001).  Reductions in 
deposition resulting from reduced mixing between the water column and the canopy can 
be the result of low flow conditions, characterized by reduced turbulence and low shear 
stresses (Gambi et al. 1990, Ikeda & Kanasawa 1996, Nepf & Vivioni 2000, Hendricks et 
al. 2008, Widdows et al. 2008), or high flow conditions, which cause a barrier between 
the water column and as vegetation bends over in skimming flows (Koch & Gust 1999).  
In moderate flows, increased deposition from increased exchange between the 
environments above and within SAV canopies have been noted (Peralta et al. 2008).  
Thus, effects of hydrodynamics on sedimentation in the presence of SAV are complex 
and highly dependent on both delivery rate of particles to the SAV bed and the extent of 
exchange between the water column and SAV canopy.   
 
Hydrodynamics, SAV, and Faunal Communities 
The complex set of interactions that direct sedimentation in SAV systems is 
closely linked to factors that govern faunal community characteristics, especially with 
regards to hydrodynamic influences.  A dominant theme of papers investigating fauna in 
SAV systems is the presence of SAV increasing faunal community metrics, such as 
abundance/density, richness, evenness, diversity, biomass, and production (O’Gower & 
Wacasey 1967, Thayer et al. 1975, Stoner 1980, Lewis & Stoner 1983, Virnstein et al. 
1983, Pihl 1986, Edgar 1990, Edgar et al. 1994, Hily & Bouteille 1999, Hirst & Attrill 
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2008).  Another major effort has been directed at examining fauna across gradients of 
SAV density (Orth 1973, Homziak et al. 1982, Edgar & Robertson 1992, Connolly and 
Butler 1996, Webster et al. 1998, Attrill et al. 2000), with the expectation that greater 
amounts of SAV structure facilitate the presence and abundance of faunal populations.  
Generally, these types of studies describe faunal communities by measures of abundance 
and diversity, such as, richness and evenness.  Fewer studies use metrics such as biomass, 
production, community structure, or mortality, which arguably offer a better 
understanding of underlying processes (e.g. trophic energy transfer, succession, etc.) in 
these faunal communities (Edgar 1999, Hily & Bouteille 1999).  Regardless of the 
metrics used to describe faunal communities, both the presence of SAV and greater 
amounts of SAV structure increase measures of faunal community characteristics in SAV 
systems. 
Studies exploring the link between faunal communities and SAV beds generally 
focus on biotic factors associated with SAV structure (e.g. increased food availability, 
reduced predation, increased passive larval settlement, and increased habitat complexity) 
to explain the relationship between these faunal community components and vegetation 
structure.  For example, Edgar (1999) found that faunal community metrics (i.e. 
abundance, biomass, and productivity) depended on food availability in an SAV (i.e. 
seagrass mimics) system.  What is often not addressed by these studies is how many 
biotic factors under consideration can also be modified by abiotic factors (e.g. 
hydrodynamic conditions, sediment stability and characteristics).  For example, 
sediments of SAV beds are generally characterized by fine grain sizes and are organic 
rich, which is attributed to lower energy conditions found inside the beds (Orth 1977, 
 98
Grady 1981, Kenworthy et al. 1982, Peterson et al. 1984).  Enhanced pools of organic 
detritus in sediments and on the sediment surface within SAV beds provide an important 
food source for fauna that inhabit these beds (Edgar 1999).  Passive larval settlement can 
also be modified by prevailing hydrodynamic conditions, with reductions in flow at the 
edge of the SAV beds enhanceing passive larval settlement (Bologna & Heck 2002).  
Enhanced larval settlement on seagrass (Zostera marina) blades was found when blades 
displayed large-amplitude waving (‘monami’) under high current speeds (>10 cm s-1) 
(Grizzle et al. 1996).  Enhanced vertical mixing between SAV canopies and the water 
column and horizontal advection into SAV beds under high flow conditions increase 
delivery rates and flux of food particles to filter feeders in SAV beds (Worcester 1995, 
Hendricks et al. 2008).  Conversely, high flow habitats experience greater sediment 
resuspension, which clogs feeding structures and decreases feeding efficiency of filter 
feeders (Brun 2009).  Ultimately, prevailing hydrodynamic conditions can have 
cascading effects on biotic components of SAV systems, which can potentially alter 
ecosystem function. 
 
REVIEW 
 Methods 
Literature survey was conducted using ISI Web of Knowledge database to 
primarily search for experimental studies with combinations of the keywords: 
sedimentation, fauna, flow, hydrodynamics, density, seagrass, and submerged aquatic 
vegetation.  Studies included in the review fit the criteria of addressing the link between 
SAV and either sedimentation or faunal community characteristics.  The literature cited 
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in the studies generated by this database search was also searched to discern any 
appropriate additional studies that may have been disregarded by the initial search.  A 
total of 89 studies were included in the review and were subdivided into 21 studies that 
addressed the link between the presence or absence of SAV and sedimentation 
(Appendix: Table 20), 31 studies that dealt with SAV-fauna relationships (Appendix: 
Table 21), 16 studies investigating interactions between varying amounts of SAV 
structure and sedimentation (Figure 30), and 28 studies that examined the SAV structure-
fauna association (Figure 31).   
 
 Sedimentation 
Sedimentation in Vegetated and Unvegetated Habitats  
From the body of literature surveyed, it is clear that most investigations of links 
between SAV and sedimentation have focused on differences between vegetated and 
unvegetated habitats (Appendix: Table 20).  Regardless of whether the amount of 
structure or simply the presence of SAV was considered, over 62% of the papers found a 
positive effect of SAV on sedimentation (Table 2, Appendix: Table 20).  Results range 
from descriptive studies (Wilson 1949) noting sand being washed away following a large 
scale seagrass (Zostera marina) die-off, to reports of elevated silt-clays and organic 
matter content in sediments present in SAV beds relative to unvegetated, bare habitats 
(Orth 1977, Grady 1981, Kenworthy et al. 1982, Peterson et al. 1984, Eckman 1987, 
Heiss et al. 2000).  Over one third of all papers on his topic focused on measures of 
sediment grain size and organic content (Appendix: Table 20).  These mainly field based  
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Table 2 Summary of studies investigating influence of submerged aquatic vegetation (SAV) structure on sedimentation.  Categorized 
by study type (field and/or flume), vegetation type (seagrass and/or saltmarsh grass), vegetation structural descriptor(s) (shoot density, 
canopy height, biomass, etc.), SAV-sedimentation relationship (presence, positive, negative, or variable), study result(s), and 
hydrodynamic modification of result(s).   
 
Type of 
study Vegetation 
Structural 
descriptor(s) Relationship Result(s) Hydrodynamics Reference 
field Halodule wrightii & Zostera marina shoot density no 
↑ seagrass 
density ≠ ↑ 
sedimentary % 
silt-clay or 
organic matter 
not addressed in 
results 
Kenworthy et al. 
1982 
flume 
H. wrightii, 
Syringodium filiforme, 
Thalassia testudinum, 
& Z. marina 
shoot density no 
seagrass shoot 
density ≠ 
sediment 
entrainment 
↑ canopy friction 
= ↓ erosion 
Fonseca & 
Fisher 1986 
field Posidonia oceanica 
shoot density, canopy 
height, biomass, & 
leaf area index (LAI) 
variable 
↑seagrass LAI = 
↑ particle 
trapping ≠ 
seagrass shoot 
density, 
biomass, or 
canopy height 
↓ erosion = ↑ 
particle trapping Gacia et al. 1999
field P. oceanica shoot density & canopy height  
↑ seagrass 
density = ↓ 
deposition 
↓ resuspension  = 
↓ deposition 
Granata et al. 
2001 
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Table 2 (Continued) 
 
Type of 
study Vegetation 
Structural 
descriptor(s) Relationship Result(s) Hydrodynamics Reference 
field T. testudinum intensity of T. testudinum growth + 
dense seagrass 
growth = fine 
grained 
sediments 
not investigated Lynts 1966 
field T. testudinum shoot density + 
↓ seagrass 
density = ↓ 
particle trapping 
no relationship Meyers et al. in prep 
field T. testudinum mimics shoot density no 
seagrass density 
≠ particle 
trapping 
↓ flow = ↑ 
particle trapping 
Meyers et al. in 
prep 
field Z. marina LAI & biomass + 
↑ seagrass LAI 
= ↑ % organic 
matter in low 
flow 
↑ shear velocity = 
↓ sedimentary % 
silt-clay & 
organic matter 
Fonseca et al. 
1983 
field Z. marina & mimics shoot density + 
↑ seagrass 
density = ↑ % 
sedimentary silt-
clays 
↑ flow = ↑ 
sedimentary % 
silt-clays with 
equal seagrass 
shoot densities 
Eckman 1987 
field Z. marina shoot density + 
↑ seagrass 
density = ↑ 
sediment 
accretion 
not investigated Bos et al. 2007  
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Table 2 (Continued) 
 
Type of 
study Vegetation 
Structural 
descriptor(s) Relationship Result(s) Hydrodynamics Reference 
field Z. marina aboveground biomass & shoot height no 
seagrass 
aboveground 
biomass or shoot 
height ≠ particle 
trapping rate 
↑ seagrass 
biomass or shoot 
height = ↓ flow = 
↓ resuspension 
Hasegawa et al. 
2008 
field & 
flume 
Z. marina & Zostera 
noltii 
leaf density & 
biomass + 
↑ seagrass 
density  = ↓ 
erosion 
↑ seagrass density 
= ↓ flow, but ↑ 
TKE and bed 
shear stress 
Widdows et al. 
2008 
flume Z. noltii, Spartina anglica, & mimics 
shoot density & 
flexibility variable 
↑ SAV density ≠ 
↑ sediment 
accretion in low 
flow 
S. anglica = ↓ 
velocity = ↑ 
sediment 
trapping; Z. noltii 
= ↓ erosion 
Peralta et al. 
2008 
field Spartina alterniflora stem density & biomass + 
high S. 
alterniflora 
density = ↓ 
[total suspended 
solids] in the 
water column 
S. alterniflora = ↓ 
velocity, 
turbulence 
intensity, & TKE 
Leonard & Croft 
2006 
field & 
flume Spartina mimics mimic density + 
↑ Spartina 
mimic density = 
↑ sedimentation 
Spartina mimics 
= ↓ velocity, 
turbulence 
intensity, & TKE 
Bouma et al. 
2007 
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Table 2 (Continued) 
 
Type of 
study Vegetation 
Structural 
descriptor(s) Relationship Result(s) Hydrodynamics Reference 
field & 
flume 
Scirpus americanus 
mimics mimic density + 
medium & high 
S. americanus 
densities = fine 
grained 
sediments 
medium & high 
S. americanus 
densities = ↓ bed 
shear stress = ↓ 
erosion 
Eckman 1983 
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Table 3 Summary of studies investigating influence of submerged aquatic vegetation (SAV) structure on associated faunal 
communities.  Categorized by vegetation type (seagrass, algae, and/or saltmarsh grass), vegetation structural descriptor(s) (shoot 
density, canopy height, biomass, etc.), fauna type, SAV-fauna relationship (present, positive, negative, or variable), study result(s), 
and hydrodynamic modification of results.   
 
Vegetation Structural descriptor(s) Fauna Relationship Result(s) Hydrodynamics Reference 
Amphibolis 
antarctica & 
Amphibolis 
griffithii 
shoot & leaf 
density epifauna + 
↓ seagrass shoot 
density = ↓ 
epifaunal density, 
richness, and 
abundance; ↓ 
seagrass leaf density 
= ↓ abundance  
not investigated 
Edgar & 
Robertson 
1992 
Cymodocea 
nodosa canopy height epifauna + 
↓ seagrass canopy 
height = ↓ epifaunal 
abundance & 
biomass  
not investigated Connolly & Butler 1996 
C. nodosa & 
Zostera noltii 
shoot density, 
leaf area index 
(LAI), & leaf 
standing crop 
(LSC) 
polychaetes + 
↓ seagrass shoot 
density, LAI, & 
LSC = ↓ polychaete 
density & high 
patchiness  
↑ flow = ↓ 
epifaunal 
diversity & 
abundance 
Gambi et al. 
1998 
 105
Table 3 (Continued) 
 
Vegetation Structural descriptor(s) Fauna Relationship Result(s) Hydrodynamics Reference 
C. nodosa & Z. 
noltii 
# shoots, # 
leaves/shoot, 
shoot length & 
width, LAI, & 
above- & 
belowground 
biomass 
macrofaunal 
bivalve 
(Cerastoderma 
edule) 
no 
seagrass shoot 
length, width, or 
density, 
aboveground 
biomass, or LAI ≠ 
bivalve food intake 
rate  
↓ hydrodynamic 
conditions in 
seagrass =  ↑ 
bivalve food 
intake rate 
Brun 2009 
Halodule 
wrightii biomass epi- & infauna variable 
↓ seagrass biomass 
≠ ↓ faunal densities 
for all species 
not investigated Young & Young 1978 
H. wrightii & 
Zostera marina shoot density benthic macrofauna + 
↑ seagrass density = 
↑ faunal abundance, 
richness, & diversity 
no consistent 
effects of 
hydrodynamics 
Homziak et al. 
1982 
H. wrightii & 
Z. marina 
shoot density 
& length 
macrofaunal 
bivalve 
(Mercenaria 
mercenaria) 
no 
seagrass shoot 
density or length ≠ 
clam shell growth 
↓ blade length = ↑ 
velocity = ↑ clam 
shell growth 
Irlandi & 
Peterson 1991 
H. wrightii & 
Z. marina 
% seagrass 
cover 
macrofaunal shrimp 
(Penaeus 
duorarum) 
+ 
↑ % seagrass cover 
= ↑ shrimp 
abundance 
↓ wave energy = 
↑ shrimp 
abundance 
Murphey & 
Fonseca 1995 
H. wrightii, 
Syringodium 
filiforme, & 
Thalassia 
testudinum 
shoot density 
& canopy 
height 
macroepibenthic 
fauna + 
1/3 natural seagrass 
shoot density = 
natural faunal 
densities 
no observable 
effects 
Fonseca et al. 
1996 
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Table 3 (Continued) 
 
Vegetation Structural descriptor(s) Fauna Relationship Result(s) Hydrodynamics Reference 
H. wrightii & 
Z. marina 
shoot density, 
blade height, & 
species of 
vegetation 
macrofaunal 
bivalve (M. 
mercenaria) 
no 
seagrass shoot 
density, blade 
length, or vegetation 
species ≠ clam 
growth 
↑ flow = ↑ small 
clam growth in 
seagrass  
Irlandi 1996 
H. wrightii, 
Ruppia 
maritima,  Z. 
marina, & 
macroalgae 
shoot density 
& 
aboveground 
biomass 
macrofauna variable 
↑ seagrass shoot 
biomass in 1992  = 
↑ faunal abundance 
↑ relative wave 
exposure in 1991 
= ↓ faunal 
abundance & 
richness 
Hovel et al. 
2002 
Heterozostera 
tasmanica 
mimics 
shoot density 
& length 
epibenthic 
harpacticoid 
copepods 
+ 
↑ seagrass blade 
density = ↑ copepod 
abundance 
not investigated Jenkins et al. 2002 
Posidonia 
australis & 
Zostera 
capricorni 
shoot height & 
density, & 
species of 
vegetation 
fish & decapods + 
↓ Z. capricorni 
shoot height = ↓ 
faunal richness; ↓ P. 
australis shoot 
height & density = ↓ 
faunal abundance 
not investigated 
Bell & 
Westoby 
1986b 
S. filiforme, T. 
testudinum, & 
macroalgae 
aboveground 
biomass 
motile epibenthic 
macroinvertebrate + 
↑ aboveground 
vegetation biomass 
= ↑ faunal species 
richness  
& abundance 
not investigated Heck & Westone 1977 
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Table 3 (Continued) 
 
Vegetation Structural descriptor(s) Fauna Relationship Result(s) Hydrodynamics Reference 
T. testudinum 
& Halimeda 
opuntia  
biomass macrofauna + 
↑ macrophyte 
biomass = ↑ 
crustacean 
abundance & 
richness 
not investigated Stoner & Lewis 1985 
T. testudinum 
shoot density 
& plant 
biomass 
epifauna & surficial 
benthic organisms 
(>500μm) 
 
↑ seagrass shoot 
density & biomass = 
↓ faunal density 
↓ flow at ↓ shoot 
density bed edges 
= ↑ larval 
deposition 
Bologna & 
Heck 2002 
Z. capricorni shoot density fish & decapods + 
↓ seagrass shoot 
density = ↓ faunal 
abundance 
not investigated 
Bell & 
Westoby 
1986a 
Z. capricorni 
mimics plant density 
epibenthic 
harpacticoid 
copepods 
 
↑ seagrass density  ≠ 
↑ copepod 
abundance 
not investigated Hicks 1989 
Z. capricorni shoot density fish and decapods no 
seagrass shoot 
density ≠ fish & 
decapod abundance 
not investigated Worthington et al. 1992 
Z. mariana shoot density macroinfauna + 
↓ seagrass shoot 
density = ↓ faunal 
richness, diversity, 
& evenness 
not investigated Orth 1973 
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Table 3 (Continued) 
 
Vegetation Structural descriptor(s) Fauna Relationship Result(s) Hydrodynamics Reference 
Z. marina & 
mimics shoot density 
macrofaunal 
bivalves 
(Argopecten 
irradians & Anomia 
simplex) 
 
↓ seagrass shoot 
density = ↑ bivalve 
abundance 
↑ seawater flux 
under ↓ shoot 
densities = ↑ 
larval recruitment 
Eckman 1987 
Z. marina shoot density infaunal macroinvertebrates + 
↑ seagrass shoot 
density = ↑ faunal 
diversity 
not investigated Webster et al. 1998 
Z. marina 
leaf #/shoot, 
leaf and stem 
length, & 
biomass 
epifaunal 
macroinvertebrates + 
↑ seagrass biomass 
= ↑ faunal richness 
& abundance 
not investigated Attrill et al. 2000 
Z. marina 
patch size, in-
patch location, 
& shoot 
density 
infauna variable 
↑ seagrass shoot 
density ≠ faunal 
variables 
(abundance, 
diversity, etc.), but 
= faunal assemblage 
composition 
hydrodynamics 
not directly 
measured 
Bowden et al. 
2001 
Z. marina 
mimic 
# blades, 
cover/area, 
surface area, 
space between 
blades, & 
blade width & 
length 
epifauna (>500μm) + 
↑ seagrass structure 
= ↑ small & large 
faunal abundances 
↑ flow = ↑ small 
faunal 
abundances 
Bartholomew 
2002 
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Table 3 (Continued) 
 
Vegetation Structural descriptor(s) Fauna Relationship Result(s) Hydrodynamics Reference 
Z. marina mosaic density epifauna variable 
↓ seagrass structure 
= ↓ fauna species 
richness & 
abundance in large 
sized plots 
not investigated Reed & Hovel 2006 
Z. marina 
mimic 
shoot length, 
shoot density, 
& surface area 
epifauna variable 
↑ seagrass surface 
area = faunal 
density & diversity, 
but ≠ seagrass shoot 
length & density 
not directly 
measured 
Sirota & Hovel 
2006 
Scirpus 
americanus 
mimics 
mimic density infaunal meiofauna no mimic density ≠ faunal abundance 
no consistent 
effects of 
hydrodynamics 
Eckman 1983 
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generally utilized sediment coring, which provides insight into sediment accumulation at 
these locales, and indirect evidence of current reduction and wave attenuation due to 
SAV.  However, use of cores exclusively offers a poor representation of the contribution 
of deposition and resuspension events to the sediment budget.  Short term rates (e.g. 
hourly, daily, weekly) of deposition or resuspension cannot be discerned from sediment 
cores, and the contribution of shorter time scale events, such as increased particle 
concentrations from terrestrial storm runoff or increased wave energy conditions in high 
wind events, may go undetected.  
Studies that employed measures of deposition and resuspension, such as 
concentration and loss rates of total suspended solids in the water column, as an 
indication of the link between SAV and sedimentation, also generally (>65%) found a 
positive effect (i.e. increased deposition and decreased resuspension) of SAV on 
sedimentation  (Appendix: Table 20).  Comparable results (i.e. SAV presence positively 
enhancing sedimentation) were found in experimental studies under both controlled 
flume and natural field conditions.  In a flume study by Hendriks et al. (2008), particle 
loss rates from the water column were 14 to 25 times greater in the presence of a seagrass 
(Posidonia oceanica) canopy than in an unvegetated flume, indicating increased 
deposition.  Those studies that addressed deposition under field conditions in both natural 
and artificial SAV beds (Almasi et al. 1987) and in newly restored SAV habitats (Bos et 
al. 2007) have found similarly enhanced deposition in the presence of SAV.  Yet, other 
studies have reported the opposite effect (i.e. SAV presence does not positively enhance 
sedimentation) as a result of high wave energies (Paling et al. 2003), the presence of 
epiphytes (Vermaat et al. 2000), or reduced flows at bed edges (Vermaat et al. 2000, 
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Neumeier & Ciavola 2004).  Under high wave energy conditions, seagrass and SAV beds 
may become ineffective sediment traps as high wave energies are accompanied by 
increased turbulence intensity and shear stresses, which can induce sediment 
resuspension.  It has been suggested that epiphytes present on SAV can trap sediments 
before they reach the sediment surface, which reduces the amount of deposition to the 
sediment surface (Vermaat et al. 2000).  Accumulation of sediments at the edges or 
leading edge (i.e. the edge of the bed that first encounters flow) of SAV beds can be 
greater than in the center of the beds, as reduction in flow from outside to inside the bed 
is greatest in this transition zone (Fonseca et al. 1983, Vermaat et al. 2000, Neumeier & 
Ciavola 2004).  As the extent of deposition in SAV can vary greatly under differing 
hydrodynamic conditions and epiphytic loads, the positive influence of SAV on 
sedimentation may be mostly dependent on the ability of SAV to reduce resuspension in 
these systems (Neumeier & Ciavola 2004, Peralta et al. 2008).  
A number (40%) of the studies surveyed describe the reduction of resuspension in 
SAV beds (e.g. more than 3 fold in certain cases) as most likely influencing significantly 
greater sedimentation in vegetated compared to unvegetated habitats (Gacia et al. 1999, 
Gacia & Duarte 2001, Neumeier & Ciavola 2004).  Ward et al. (1984) found that, in 
unvegetated areas, wave driven resuspension occurred during periods of high winds, but 
suspended particulate matter concentrations remained stable inside seagrass (Ruppia 
maritima) beds.  These findings were echoed by Koch (1999), who reported that in 
unvegetated areas resuspension was greater and the result of wave action, while in a 
nearby seagrass (Thalassia testudinum) bed, resuspension was only initiated during flood 
tide due to increased flow near the bottom.  For diminutive seagrass species, such as 
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Halophila decipiens, higher threshold velocities are required for sediment movement 
inside versus outside vegetated regions (Fonseca 1989).  In these studies, resuspension 
was recorded in unvegetated regions under low energy conditions, while resuspension in 
an SAV bed required higher prevailing flow conditions.  SAV appears to maintain 
sediments in contrast to unvegetated regions that more regularly experience resuspension.   
The positive relationship between SAV and sedimentation, as discussed above, is 
demonstrated geographically from temperate (Kenworthy et al. 1982, Peterson et al. 
1984, Ward et al. 1984, Gacia & Duarte 2001, Bos et al. 2007) to tropical (Fonseca 1989, 
Agawin & Duarte 2002) and from the northern (Orth 1977, Grady 1981, Almasi et al. 
1987) to southern (Bulthuis et al. 1984, Heiss et al. 2000) hemispheres.  Most studies 
surveyed were field based (90%) and the seagrass species conformed to a strap-bladed 
morphology (>80 %), with few other blade morphologies studied (Ruppia maritima, 
Ward et al. 1984, Halophila decipiens, Fonseca 1989, and Amphibolis griffithii, Paling et 
al. 2003).  While Ward et al. (1984) and Fonseca (1989) showed a positive relationship 
between seagrass and sedimentation, Paling et al. (2003) found no such link.  Species of 
Amphibolis have the majority of their biomass in leaves concentrated at the top of long 
stalks, which allows for resuspension due to increased flows at the sediment-water 
interface.  Given that certain morphologies (e.g. strap-bladed species such as Thalassia 
testudinum) are characterized by higher canopy friction and lower sediment movement 
than recorded for cylindrical counterparts (e.g. Syringodium filiforme) (Fonseca & Fisher 
1986), it is likely that SAV and sedimentation relationships will be species specific.   
 113
  Variation in SAV Structure and Sedimentation  
Over half of the papers examined concerning sedimentation in SAV systems 
focused solely on differences in sedimentation due to either presence or absence of 
vegetation (Appendix: Table 20).  The remaining studies addressed the role of varying 
amounts of SAV structure (e.g. density, canopy height, aboveground biomass, etc.) on 
sedimentation in SAV systems (Table 2).  In some cases, descriptors were combined to 
produce secondary descriptors.  For example, Gacia et al. (1999) found that particle 
trapping by a seagrass (Posidonia oceanica) bed was not a function of either shoot 
density, biomass, or canopy height alone, but instead found that total deposition rate was 
significantly positively correlated with the leaf area index (LAI), a combined measure of 
vegetation density and leaf surface area that describes the projected surface area of the 
seagrass.  However, the most common metrics used to reflect seagrass abundance were 
shoot, leaf, or plant density.  Changing SAV structure, specifically density, influenced 
sediment properties in SAV habitats in over 50% of studies surveyed (Table 2).  Dense 
stands of SAV are usually associated with fine grained sediments (Lynts 1966, Scoffin 
1970, Eckman 1983, Eckman 1987).  In addition to modification of sediment properties, 
many studies surveyed (>30%) indicate that increases in SAV structure (i.e. density, 
canopy height, and aboveground biomass) have a positive, although not necessarily 
linear, relationship with other measures (e.g. amount of particle trapping, erosion, and 
suspended solids in the water column) of sedimentation in SAV habitats (Table 2).  
Studies that investigated direct measures of sedimentation (i.e. amount of sediment 
accretion), such as Bos et al. (2007) and Bouma et al. (2007), found sedimentation to be 
significantly lower in sparse compared to dense patches of SAV.  Indirect measures of 
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sedimentation (i.e. concentration of suspended solids in the water column) were also 
decreased as SAV densities increased, indicating increased deposition (Leonard & Croft 
2006, Widdows et al. 2008).  The trend of increased sedimentation with increased SAV 
structure also holds across both differences in species (seagrasses, Gacia et al. 1999, salt 
marsh grasses, Leonard & Croft 2006) and types of studies (i.e. field versus flume 
studies) (Bouma et al. 2007, Widdows et al. 2008).  From the few studies that report the 
link between SAV structure and sedimentation, it appears that increased SAV structure 
enhances sedimentation. 
It is important to note that not all studies surveyed (>40%) found a positive or 
consistent relationship between increased SAV structure (e.g. shoot density, biomass, 
canopy height, etc.) and sedimentation (Table 2).  Of the studies surveyed, some (25%) 
found no link between SAV structure and sedimentation, while others (<10%) found 
sedimentation to be inversely related to SAV structure.  For those studies that found no 
consistent relationship between sedimentation and SAV structure (Kenworthy et al. 1982, 
Fonseca & Fisher 1986, Hasegawa et al. 2008), no single explanation emerges.  
Kenworthy et al. (1982) measured high percentages of silt-clay and organic matter in the 
center of seagrass (Halodule wrightii and Zostera marina) beds where shoot densities 
were lower than at the edges of the beds.  The center of the beds corresponds with the 
region of maximum flow entrainment, thus modifying the sediment characteristics 
towards fine, organic rich sediments that are found in low energy environments.  Other 
studies that reported either no relationship or a negative relationship between 
sedimentation and SAV structure attributed this relationship to either reduced deposition 
(Fonseca & Fisher 1986, Peralta et al. 2008) or resuspension (Granata et al. 2001, 
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Hasegawa et al. 2008) in the presence of a dense SAV canopy.  As previously discussed, 
reductions in resuspension may correspond to reduced deposition in SAV systems.  
Alternatively, skimming flow that reduces mixing by creating a barrier between the water 
column and canopy reduces potential for deposition in dense seagrass beds (Fonseca & 
Fisher 1986, Peralta et al. 2008).  Link between SAV structure and sedimentation, 
especially as it pertains to resuspension, appears dependent on the influence of 
hydrodynamics and canopy features.   
 
SAV, Sedimentation, and the Effects of Flow 
While prevailing hydrodynamic conditions can modify the relationship between 
SAV and sedimentation, including both the sediment characteristics and amounts of 
resuspension and deposition, less than 80% of papers that examined the relationships 
between SAV and sedimentation include the influences of flow (Table 2).  High energy 
systems tend to have similar sediment characteristics both within and outside of SAV 
beds (Turner et al. 1999), compared to low energy systems, where differences in 
sediment characteristics are often more distinct inside verses outside vegetation (Peterson 
et al. 1984).  Specifically, at high energy sites with vegetation, sediments are generally of 
larger gain sizes and have lower organic matter content, in some cases by a factor of 
almost three, in comparison to low energy vegetated sites (Murphey & Fonseca 1995, 
Irlandi 1996).  Thus, the extent to which SAV can modify sedimentation in SAV systems 
under different hydrodynamic conditions is in need of scrutiny. 
A small subset of studies surveyed, all in temperate Zostera seagrass systems, 
indicate that when SAV is present at high energy sites, modifications to sedimentation are 
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often amplified, while at lower energy sites, these are dampened.  Many high energy 
systems often experience velocities well above the critical friction velocity necessary for 
resuspension of particle sizes present in that system, while low energy systems may only 
ever experience a few resuspension events as velocities rarely, if ever, reach above 
critical friction velocities.  Widdows et al. (2008) determined that mass of sediment 
eroded at current speeds above critical erosion velocity for sand (0.2 m s-1) was not only 
linked to presence of seagrass (Zostera noltii), but was inversely related to density of a 
seagrass canopy.  Working at both high and low energy sites, Harlin et al. (1982) reported 
that sediment accreted in seagrass (Zostera marina) beds and eroded in nearby 
unvegetated locations under high energy conditions, but found no difference in accretion 
and erosion between unvegetated locations and those with seagrass in low energy 
conditions.  Therefore, for studies conducted in high energy systems, the presence of 
SAV may become especially critical to particle retention and stabilization, but may be of 
reduced importance when resuspension probabilities are minimal in low energy systems.  
The physical structure (i.e. flexibility of the canopy) of SAV canopies can also 
modify the interaction between flow and the canopy and any resulting sedimentation.  
Stiff canopies, such as salt marsh grass canopies, are highly effective at reducing flow 
and turbulence when in high shoot densities (Eckman 1983, Leonard & Croft 2006, 
Bouma et al. 2007), which translates to greater sediment trapping potential (Peralta et al. 
2008). Conversely, more flexible seagrasses canopies might be more efficient at reducing 
resuspension and erosion, especially as shoot densities increase (Peralta et al. 2008), as 
these canopies effectively create a barrier between the water column and canopy by 
bending under skimming flow conditions (Fonseca & Fisher 1986).  As previous 
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discussed, reductions in resuspension often translate to reductions in sedimentation, 
which may account for the a large number of the studies surveyed (>40%) that found 
increases in seagrass to have a no effect (Kenworthy et al. 1982, Fonseca & Fisher 1986, 
Hasegawa et al. 2008) or a negative (Granata et al. 2001) effect on sedimentation (Table 
2).  This is in contrast to the mostly positive effects of increased salt marsh grass on 
sedimentation in some studies surveyed (Eckman 1983, Leonard & Croft 2006, Bouma et 
al. 2007).  It is clear from the studies surveyed (Table 2) that sedimentation in SAV 
systems should not be considered without first being placed in the context of 
hydrodynamic regime and extent of SAV structure, as both factors, alone or combined, 
can greatly modify all facets of sedimentation (e.g. sediment properties, deposition, 
resuspension etc.) in SAV systems.  These studies highlight how the already highly 
complex relationship between SAV and sedimentation in SAV systems can be impacted 
positively (i.e. increased deposition under low flow conditions) or negatively (i.e. 
increased resuspension in high flows) depending on prevailing hydrodynamic conditions. 
 
Faunal Communities 
Faunal Communities in Vegetated and Unvegetated Habitats  
The previous sections focused on studies that used sedimentation as a measure of 
ecosystem function in SAV systems and how biotic (SAV presence and structure) and 
abiotic (hydrodynamics) environmental factors can modify that function.  Even more 
prominent in the literature (see Table 3 and Appendix: Table 21) is the use of faunal 
community characteristics, measured by an array of metrics (i.e. community composition, 
diversity, abundance, richness, evenness, biomass, mortality, growth rates), as a proxy to 
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gauge levels of SAV ecosystem function as environmental factors in SAV systems vary.  
Of the studies surveyed, most (>70%) found a positive relationship between faunal 
community characteristics and presence of SAV (Appendix: Table 21).  Where a positive 
link between presence of SAV and faunal community were discerned, some studies found 
species compositions of vegetated and unvegetated habitats to be quite similar, but the 
relative abundance and biomass of the species that compose these communities differed 
(Connolly 1997, Hirst and Attrill 2008).  This suggests that faunal communities may be 
responding to more than the presence of SAV, including other aspects of habitat, such as 
increased detritus, decreased predation pressure, reduced water flow, resulting in the 
observed differences in faunal community characteristics.   
Almost 75% of studies recording a positive link between presence of SAV and 
faunal community characteristics, either did not address hydrodynamic regime (>55%), 
did not directly measure the hydrodynamic regime (>15%), or if hydrodynamics were 
considered, reported no consistent effects of flow on faunal communities in SAV beds 
(<10%) (Appendix: Table 21).  These studies that did find consistent hydrodynamic 
effects generally found that high flow conditions had a negative effect on faunal species 
and communities.  High flows can reduce macrofaunal densities in seagrass beds (Stoner 
1980), while sheltered, low flow seagrass habitats demonstrate increased macrofaunal 
abundances (Polte et al. 2005) and filter feeder (Mercenaria mercenaria) growth rates 
(Peterson et al. 1984) relative to that in unvegetated habitats.  Moreover, high flow 
conditions have been linked to increased growth in filter feeders via to high food fluxes 
(Irlandi & Peterson 1991, Irlandi 1996) and enhanced abundances of fauna as a result of 
increased faunal delivery rates (Bartholomew 2002) in SAV systems.  Thus, while the 
 119
positive link between faunal species and communities and the presence of SAV is 
relatively well documented, the extent to which it is modified by prevailing 
hydrodynamic regime remains poorly investigated.  Negative relationships or the lack or 
a relationship between SAV presence and faunal communities were also detected in some 
cases and generally resulted from “unnaturally” occurring SAV habitats (Appendix: 
Table 21).  Arrival of an invasive marshgrass hybrid (Spartina alterniflora and S. foliosa 
hybrid) initiated a chain of events, including reduced flow within the hybrid canopy, 
altered sediment composition to fine, organic rich particles, increased anoxia and sulfide 
concentration in the sediments, reduced benthic macrofaunal invertebrate survivorship, 
and decreased in faunal community measures (i.e. diversity, density, and recruitment) 
(Neira et al. 2006).  Similarly, a study that added seagrass (Zostera marina) mimics to 
normally unvegetated habitats detected a measureable decrease in the abundance of 
epibenthic harpacticoid copepods, which was attributed to the mechanical disturbance of 
sediments by the sweeping action of the seagrass blade mimics (Hicks 1989).  Thus, 
those faunal species and communities that rely on SAV for refuge (i.e. habitat, food, 
reduced predation) generally have a positive response (e.g. increased diversity, biomass, 
production, and survival) to the presence of SAV, but the presence of vegetation in 
normally unvegetated areas or arrival of novel or invasive vegetation can have severe 
negative impacts on both individual faunal species, as well as the larger faunal 
community.   
Similar to those papers that detected a positive link between the presence of SAV 
and faunal community characteristics, most (>75%) studies that found either a negative, 
variable, or no effect of SAV presence on fauna either did not measure hydrodynamic 
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regime or found no consistent effect of flow in the study results (Appendix: Table 21).  
Those papers that did address the effects of flow on faunal communities in SAV beds 
focused on either changes to infaunal community compositions as a result of differing 
amounts of wave exposure in seagrass (Zostera novazelandica) habitats (Turner et al. 
1999) or flow reductions as a consequence of the arrival of a novel SAV (Spartina 
alterniflora and S. foliosa hybrid) and recorded cascading effects on the faunal 
community resulting in reduced benthic macrofaunal invertebrate survival (Neira et al. 
2006).  Thus, for those studies that found either no relationship or a variable relationship 
between the presence of SAV and faunal communities, additional environmental 
variables (e.g. hydrodynamic regime, sediment properties, etc.) may become critical for 
interpreting possible implications for modified faunal community characteristics. 
 
Variation in SAV Structure and Faunal Communities 
The complex sets of interactions that govern the link between presence of SAV 
and effects on faunal communities may be modified when SAV structural differences (i.e. 
shoot and leaf density, canopy height, leaf area index, leaf standing crop, biomass, 
percent cover) are considered.  Over 70% of studies surveyed detected a positive 
relationship between some metric of SAV structure and one or more faunal community 
characteristics (Table 3).  The response of faunal community characteristics to SAV 
structure appears not to be linear. A study by Homziak et al. (1982) determined that 
certain faunal community characteristics (i.e. abundance, richness, diversity) began to 
plateau above specific seagrass (Halodule wrightii and Zostera marina) densities, no 
longer increasing with increasing shoot densities.  On the lower end of SAV structure, 
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Fonseca et al. (1996) measured faunal abundance in transplanted seagrass (Halodule 
wrightii, Syringodium filiforme, and Thalassia testudinum) beds equivalent to those in 
natural seagrass beds when transplanted shoot densities equaled at least one third of 
natural shoot densities.  This suggests that threshold level of structure may exist on the 
both the low and high ends, below or above which effects of increased SAV structure on 
faunal communities are not discernable.    
Increased faunal abundances with increased SAV structure are thought to be 
related to the indirect effects of increased detritus and other food sources, increased 
number of habitat niches, and decreased predation risk (Webster et al. 1998).  Most of 
these studies focused on correlative relationship between SAV and faunal communities, 
with the underlying causes behind the SAV-faunal relationships often unexplained.  It is 
important to note that half of the studies surveyed that determined either a negative or 
variable relationship, or no relationship at all, between SAV structure and faunal 
communities, found that prevailing hydrodynamic conditions explained the relationship 
between SAV structure and their associated faunal communities (Table 3).  For example, 
Irlandi and Peterson (1991) and Irlandi (1996) found no link between high amounts of 
SAV (Halodule wrightii and Zostera marina) structure (shoot density and blade height) 
and faunal (Mercenaria mercenaria) community characteristics (shell growth), but 
measured increased clam shell growth as food flux rates to the seagrass beds that clams 
inhabited were increased under high flow conditions.  Thus, to understand better the 
underlying causes behind the relationship between faunal communities and vegetation 
structure, links to hydrodynamics may be useful.   
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SAV, Faunal Comminutes, and the Effects of Flow 
Similar to modifications witnessed in sedimentation across hydrodynamic regimes 
in SAV beds, links between SAV and faunal communities are often directed by 
prevailing hydrodynamic conditions.  Studies quantifying the effects of hydrodynamics 
on the positive relationship between SAV structure and faunal community characteristics 
generally have found the SAV-fauna link to be strengthened by low flow conditions and 
weakened as flow increased (Table 3).  Across a range of faunal species and sizes, 
reductions in flow had a positive effect on faunal communities in SAV systems.  Gambi 
et al. (1998) measured lower polychaete density and a high amount of faunal patchiness 
with reductions in seagrass (Cymodocea nodosa and Zostera noltii) structure (shoot 
density, leaf area index, and leaf standing crop), and high shrimp (Penaeus duorarum) 
abundances were present in habitats with greater percent seagrass (Halodule wrightii and 
Zostera marina) cover in a study by Murphey and Fonseca (1995).  The positive response 
of faunal species has been attributed to the aboitc (i.e. high sedimentary silt-clay content) 
and biotic (i.e. high amounts of organic matter and dense seagrass) habitat characteristics 
present under the low energy conditions.  One study reported that under high flow 
conditions epifaunal abundance increased as SAV (Zostera marina mimic) structure 
(number of blades, amount of cover per area, surface area of blades, space between 
blades, and blade width and length) increased and speculated, but did not measure, that 
increases in food fluxes to filter feeders enhanced nutrient fluxes that promoted growth of 
algal food resources and increased larval delivery augmented epifaunal abundance 
(Bartholomew 2002).  This points out an important distinction: fauna that rely on 
processes such as high fluid fluxes for food and larval recruitment appear to respond 
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positively to high flow conditions, while those that rely on stable sediments with high 
silt-clay and organic matter content for their habitat seem to respond better to low flow 
conditions.   
Fifty percent of the studies surveyed recorded either a negative or variable link, or 
no link at all, between SAV structure and faunal communities, and the lack of 
relationship was able to be explained, at least partially, by prevailing hydrodynamic 
conditions (Table 3).  Irlandi and Peterson (1991) and Irlandi (1996), both of which did 
not discern a relationship between SAV structure and fauna, measured increased filter 
feeder (Mercenaria mercenaria) growth rates under high flow conditions as the flux of 
food particles to SAV beds was enhanced.  Lack of a consistent relationship between the 
abundance of macrofauna in seagrass beds from one year to the next (Hovel et al. 2002) 
was attributed reduction of fauna as a result of high relative wave exposure, which may 
have reduced faunal feeding rates, larval availability and settlement, or faunal 
locomotion.  Those studies that found negative relationships between SAV structure and 
faunal abundances ascribed their findings to high larval recruitment resulting from 
increased water flux to SAV beds (Eckman 1987) and subsequent reductions in flow 
when the canopy was encountered (Bologna & Heck 2002).  Thus, to understand better 
the complex set of interaction that govern faunal communities within SAV beds and to 
explain the findings of many of these studies, links to hydrodynamic conditions must be 
considered.         
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CONCLUSIONS & SYNTHESIS 
Complex set of interactions dictate relationships among SAV, hydrodynamic 
regime, and proposed ecosystem functions (i.e. site of faunal accumulation, sediment 
deposition and deposition).  Review of published papers clearly illustrates that there is 
only a small percentage of papers addressing these interrelationships. 
While it is clear that SAV-sediment relationships are impacted by hydrodynamic 
regime, these impacts are not necessarily consistent within categories (i.e. high or low) of 
SAV density or of flow.  For example, as SAV densities increase, flow is increasingly 
attenuated.  When flow is completely attenuated sedimentation increases little with 
further increases in SAV (Peralta et al. 2008) and can negatively affect sedimentation by 
reducing mixing between the water column and the canopy.  In contrast, under low flows, 
sedimentary accretion and erosion may be equivalent in vegetated and adjacent 
unvegetated habitats (Harlin et al. 1982).  Consequently, threshold values of both flow 
and SAV densities increase the complexity of defining clear relationship between 
measures of ecosystem function, such as sedimentation vegetation structure, and 
hydrodynamics in SAV systems.  Further studies that measure sedimentation in a more 
direct manner (i.e. measures of sediment trapping or concentrations of suspended solids 
in the water column) both in controlled flume and natural field settings, in a variety of 
vegetation morphologies, and across a range of flow speeds and vegetation densities are 
needed to define clearly the relationship between SAV structure and flow to infer levels 
of ecosystem function (i.e. sediment deposition) in SAV systems.   
Likewise, there is a need to recognize that variation in SAV-fauna relationships 
may differ across hydrodynamic regimes.  Most (75%) of the studies surveyed in this 
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review did not consider the effects of hydrodynamics nor acknowledge that 
hydrodynamics can modify these relationships.  Those studies that did demonstrate 
altered faunal responses by flow found the fauna-flow relationship dependened on the 
extent to which habitat characteristics (e.g. food availability, sediment properties) that 
these fauna rely on can be modified by flow.  Faunal species that are highly dependent on 
delivery of food particles or recruitment of larvae via the water column, such as filter 
feeders or broadcast spawners, generally respond positively to increased flow more so 
than changes in any other habitat characteristic (Eckman 1987, Irlandi & Peterson 1991, 
Irlandi 1996).  Species that are closely linked to the sediments in SAV systems, such as 
infauna and epibenthic fauna, generally respond positively to low flow conditions, which 
promote increased sedimentary silt-clay and organic matter content (Murphey & Fonseca 
1995, Gambi et al. 1998).  While it is clear that the presence and structure of SAV beds 
have a positive effects on faunal communities, more detailed studies are needed, to 
quantify the underlying factors (e.g. hydrodynamic regime, sediment characteristics, and 
amount of SAV structure) that may be controlling faunal community characteristics in 
SAV systems.  
 
IMPLICATIONS 
This review highlights the importance of hydrodynamics in shaping SAV 
communities, both through physical processes (e.g. deposition, sediment structure, etc.) 
and biological structure and function (e.g. faunal community composition).  Many of 
those studies that do acknowledge hydrodynamics as an important environmental factor 
or modifier in SAV systems measure hydrodynamics either indirectly (i.e. sediment 
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characteristics) or in a relatively simplistic manner (i.e. clod cards).  Conversely, studies 
that make detailed hydrodynamic measurements commonly only address the effects of 
SAV on flow without considering the potential cascading effects on other habitat 
functions or processes (e.g. sedimentation, predation, community structure, etc.).  
Frequently, these studies are also conducted outside of context of a natural setting (i.e. in 
a flume in the laboratory).  Therefore, comparisons between field and laboratory flume 
studies that evaluate the effects of hydrodynamics on SAV communities can prove 
problematic as measures of hydrodynamics (i.e. detailed versus simplistic measurements) 
or habitat functions or processes may not be analogous.    
Results from laboratory flume and field studies that investigate the effects of 
hydrodynamics on sedimentation and faunal communities often differ and/or may 
contradict each other.  Laboratory studies have the advantage of having more controlled 
conditions (i.e. specific SAV densities and hydrodynamic conditions), but can be lacking 
when attempting to replicate natural field conditions (i.e. constrained by length, width, 
and depth of flume).  This makes it problematic to extrapolate from the laboratory to the 
field if flow conditions are highly modified or if canopy conditions do not match those of 
the field.  Promisingly, some recent studies have successfully incorporated additional 
habitat processes, such as sedimentation, into laboratory flume studies addressing the 
SAV-flow relationship (Hendriks et al. 2008).  Other studies have incorporated the results 
of complementary laboratory and field experiments in a single study to determine how 
applicable laboratory flume results are both to natural processes and to better interpret the 
results of field experiments in the context of what is known from controlled laboratory 
experiments (Bouma et al. 2007, Widdows et al. 2008).  More comprehensive studies 
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such as these are needed before results from laboratory flume studies should be used to 
exclusively answer questions concerning the ecological function SAV beds and how this 
translates into the important ecosystem services they provide. 
It is commonly assumed that equivalent amounts of SAV structure provide 
equivalent levels of ecosystem function and/or services (Fonseca et al. 1996).  This 
underlies the goals of many restoration studies that seek to restore specific levels of 
ecosystem function and/or accompanying services (Fonseca et al. 2000).  However, this 
assumption does not necessarily hold true under varying hydrodynamic conditions.  
Vegetation planting densities that result in successful restoration efforts under low flow 
conditions may not be sufficient for vegetation survival and persistence when equivalent 
vegetation densities are exposed to high flows.  Under high flow conditions, seagrass 
transplant survival decrease (Bos & van Katwijk 2007).  Moreover, if restoration is 
conducted in an area that has a different hydrodynamic regime than that of the damaged 
setting, then plans for compensatory levels of recovery, such as that commonly 
determined through Habitat Equivalency Analyses (e.g. Fonseca et al. 2000) may need to 
be adjusted as well. 
The presence and/or structural characteristics (e.g. canopy height, density, 
morphology, etc.) of SAV beds are clearly important to measure of ecosystem function 
(i.e. sedimentation and faunal community characteristics), but hydrodynamic conditions 
(e.g. tide v. wave dominated, high v. low energy, etc.) encountered in these systems can 
have quantifiable implications pertaining to the survival and persistence of both the SAV 
bed (e.g. mass transfer of nutrients, water clarity, etc.) and the community that inhabit 
and utilize the bed (e.g. faunal recruitment, suspension feeding, predation, etc.).  There is 
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a need to consider hydrodynamic setting when selecting sites for restoration and goals to 
restore levels of ecosystem services, as the loss of ecosystem services reflected in SAV 
loss, even for same species, could have a greater or lesser impact depending on the 
hydrodynamic setting.  Results of this survey provide convincing information that the 
potential influence of hydrodynamics on measures of ecosystem function is relatively 
understudied but merits evaluation before accurate assessments of ecosystem services 
provided by SAV systems can be determined. 
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Appendix A: Additional Tables and Figures  
 
Table 4 Results of one way (replicate weeks) and two way (flow x density) ANOVAs testing for differences in bulk flow speeds (m s-
1) measured over artificial seagrass units (ASUs) with either high (1500 shoots m-2) or low (300 shoots m-2) seagrass shoot densities at 
fast (0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m s-1) experimental study sites at Emerson Point Park in lower Tampa Bay, FL 
across the 10 week study period.  Significant result(s) are indicated by *. 
 
Factor Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Replicate weeks 5 15 1.886 0.157 
Flow 1 17 19.755 < 0.001* 
Density 1 17 0.399 0.536 
Flow x Density 1 17 1.520 0.234 
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Table 5 Results of one way (replicate weeks) MANOVA and subsequent post-hoc one way (replicate weeks) ANOVAs testing for 
differences in dry weight (g L-1), dry weight of organic matter (g L-1) and percent organic matter of total suspended solids (TSS) 
measured in the water column over artificial seagrass units (ASUs) at fast (0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m s-1) 
experimental study sites at Emerson Point Park in lower Tampa Bay, FL across the 10 week study period.  Significant result(s) are 
indicated by *.  F statistic values were approximated using Pillai’s trace statistic.   
 
Factor Variable 
Hypothesis 
degrees of 
freedom 
Error degrees of 
freedom F statistic p value 
Replicate weeks 
MANOVA 36 39 4.191 < 0.001* 
Dry weight (g L-1) 12 13 64.161 < 0.001* 
Organic matter  
(g L-1) 12 13 27.446 < 0.001* 
% organic matter 12 13 6.394 0.001* 
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Table 6 Results of a one way (replicate weeks) and a two way (flow x benthic habitat) MANOVA testing for differences in the 
percent dry weight, organic matter, and carbonates of sediments collected from vegetated (Thalassia testudinum) and unvegetated 
(bare sand) benthic habitats at fast (0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m s-1) experimental study sites at Emerson Point Park 
in lower Tampa Bay, FL across the 10 week study period.  Possible significant result(s) are indicated by **.  F statistic values were 
approximated using Pillai’s trace statistic.   
 
Factor Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Replicate weeks 36 9 0.803 0.700 
Flow 12 1 134.762 0.067 
Benthic habitat 12 1 203.964 0.055** 
Flow x Benthic habitat 12 1 31.693 0.138 
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Table 7 Results of post- hoc one way (benthic habitat) ANOVAs testing for differences in the percent dry weight, organic matter, and 
carbonates by sediment size fraction (μm) of sediments collected from vegetated (Thalassia testudinum) and unvegetated (bare sand) 
benthic habitats at fast (0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m s-1) experimental study sites at Emerson Point Park in lower 
Tampa Bay, FL.  Significant result(s) are indicated by *. 
 
Factor Variable Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Benthic habitat 
<63 μm % dry weight 1 12 54.135 < 0.001* 
63 μm % dry weight  1 12 0.093 0.766 
125 μm % dry weight 1 12 3.800 0.075 
250 μm % dry weight 1 12 0.152 0.704 
500 μm % dry weight 1 12 7.458 0.018* 
% organics 1 12 12.417 0.004* 
<63 μm % organics  1 12 35.880 < 0.001* 
63 μm % organics  1 12 15.318 0.002* 
125 μm % organics  1 12 1.556 0.236 
250 μm % organics  1 12 0.103 0.753 
500 μm % organics  1 12 2.781 0.121 
% carbonates 1 12 18.735 0.001* 
63 μm % carbonates  1 12 34.139 < 0.001* 
125 μm % carbonates 1 12 6.838 0.023* 
250 μm % carbonates 1 12 1.627 0.226 
500 μm % carbonates 1 12 5.659 0.035* 
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Table 8 Average (± SD) percent dry weight, organic matter, and carbonate content by sediment size fraction (μm) of sediments 
collected from vegetated (Thalassia testudinum) and unvegetated (bare sand) benthic habitats at fast (0.078 ± 0.041 m s-1) and slow 
(0.025 ± 0.01 m s-1) experimental study sites at Emerson Point Park in lower Tampa Bay, FL. 
 
  Flow regime 
 Sediment size fraction (μm) Fast Slow 
% dry weight 
≥500 1.946 (± 1.726) 1.807 (± 0.6203) 
250 6.455 (± 2.718) 10.26 (± 1.983) 
125 83.21 (± 2.849) 73.58 (± 3.847) 
63 7.430 (± 1.277) 13.22 (± 2.326) 
<63 0.9569 (± 0.5469) 1.226 (± 0.5286) 
% organic matter 
All 0.6616 (± 0.2768) 1.179 (± 0.2597) 
≥500 0.0836 (± 0.0613) 0.1102 (± 0.0556) 
250 0.0517 (± 0.0265) 0.1292 (± 0.0760) 
125 0.2065 (± 0.0521) 0.3780 (± 0.0975) 
63 0.0861 (± 0.0347) 0.2324 (± 0.0729) 
<63 0.2337 (± 0.1254) 0.3432 (± 0.1192) 
% carbonates 
All 0.5666 (± 0.4395) 0.3153 (± 0.0451) 
≥500 0.4130 (± 0.3993) 0.1173 (± 0.1087) 
250 0.0249 (± 0.0161) 0.0377 (± 0.0197) 
125 0.0891 (± 0.0213) 0.1056 (± 0.0212) 
63 0.0396 (± 0.0217) 0.0760 (± 0.0280) 
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Table 9 Results of two way (flow x density) MANOVA testing for differences in the characteristics (13 variables: dry weight and 
percentages of particles, organic matter, and carbonates of particle samples and by size class) of the particles trapped by artificial 
seagrass units (ASUs) with either high (1500 shoots m-2) or low (300 shoots m-2) seagrass shoot densities at fast (0.078 ± 0.041 m s-1) 
and slow (0.025 ± 0.01 m s-1) experimental study sites at Emerson Point Park in lower Tampa Bay, FL across.  Significant result(s) are 
indicated by *.  F statistic values were approximated using Pillai’s trace statistic.   
 
Factor Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Flow 10 22 39.992 < 0.001* 
Density 10 22 0.328 0.964 
Flow x Density 10 22 0.284 0.978 
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Table 10 Results of post-hoc one way (flow) ANOVAs testing for differences in the characteristics (13 variables) of the particles 
trapped by artificial seagrass units (ASUs) with either high (1500 shoots m-2) or low (300 shoots m-2) seagrass shoot densities at fast 
(0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m s-1) experimental study sites at Emerson Point Park in lower Tampa Bay, FL across.  
Significant result(s) are indicated by *. 
 
Factor Variable Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Flow 
dry weight  
(g m-2 day-1) 1 31 11.080 0.002* 
<63 μm dry weight  
(g m-2 day-1) 1 31 0.603 0.443 
63 μm dry weight  
(g m-2 day-1) 1 31 11.825 0.002* 
<63 μm % dry weight 1 31 135.553 < 0.001* 
63 μm % dry weight  1 31 135.553 < 0.001* 
Organic matter  
(g m-2 day-1) 1 31 43.676 < 0.001* 
<63 μm organic 
matter (g m-2 day-1) 1 31 4.086 0.052 
63 μm organic matter 
(g m-2 day-1) 1 31 57.060 < 0.001* 
% organic matter 1 31 13.996 0.001* 
<63 μm %  
organic matter 1 31 49.045 < 0.001* 
63 μm %  
organic matter 1 31 1.720 0.199 
63 μm carbonates  
(g m-2 day-1) 1 31 12.073 0.002* 
63 μm % carbonates 1 31 5.798 0.022* 
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Table 11 Regression of turbulent kinetic energy (TKE, m2 s-2) and overlying flow speed (m s-1) in the canopy (5 cm above the 
bottom), at the top of the canopy (20 cm above the bottom), and in the water column above the canopy (40 cm above the bottom) for 
high (1500 shoot m-2) and low (300 shoots m-2) shoot density artificial seagrass units (ASU) at Emerson Point Park in lower Tampa 
Bay, FL.   
 
TKE measurement ASU shoot density Regression equation R2 t test P 
In the Canopy High y = 132.47x – 0.53 0.96 t0.05(2),15 = -0.11 0.91 Low y = 133.86x – 0.73 0.98 
Top of the Canopy High y = 227.33x – 3.04 0.82 t0.05(2),11 = 0.48 0.64 Low y = 193.85x – 2.96 0.88 
In the Water 
Column 
High y = 52.46x + 0.66 0.39 t0.05(2),14 = -1.01 0.33 Low y = 92.22x + 0.06 0.56 
 
Table 12  Regression of Reynolds shear stress (RE, Pa) and overlying flow speed (m s-1) in the canopy (5 cm above the bottom), at the 
top of the canopy (20 cm above the bottom), and in the water column above the canopy (40 cm above the bottom) for high (1500 shoot 
m-2) and low (300 shoots m-2) shoot density artificial seagrass units (ASU) at Emerson Point Park in lower Tampa Bay, FL.  
Significant differences between regression coefficients indicated by *. 
 
RE measurement ASU shoot density Regression equation R2 t test P 
In the Canopy High y = 17294x – 86.14 0.72 t0.05(2),15 = 2.25 0.04* Low y = 7736.8x – 37.31 0.67 
Top of the Canopy High y = 10770x – 77.50 0.23 t0.05(2),11 = -0.01 0.99 Low y = 10874x – 107.46 0.64 
In the Water 
Column 
High y = 6250.6x - 64.05 0.57 t0.05(2),14 = 0.28 0.78 Low y = 5242.5x + 15.76 0.31 
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Figure 32 Average (± SD, n = 6) percent reduction in flow speeds from above in 
comparison to within the canopy of artificial seagrass units (ASUs) with either  high 
(1500 shoots m-2) or  low (300 shoots m-2) seagrass shoot densities at  fast (0.078 ± 
0.041 m s-1) and  slow (0.025 ± 0.01 m s-1) experimental study sites at Emerson Point 
Park in lower Tampa Bay, FL.   
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Figure 33 Average (± SEM, n = 10) dry weight (g m-2 day-1) of particles trapped by 
artificial seagrass units (ASUs) with either high (1500 shoot m-2) or low (300 shoots m-2) 
seagrass shoot densities at fast (0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m s-1) 
experimental study sites at Emerson Point Park in lower Tampa Bay, FL.  Statistically 
different groupings indicated by post-hoc testing (ANOVA) are indicated by upper case 
lettering (A and B).   
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Figure 34 Average (± SEM, n = 10) dry weight (g m-2 day-1) of organic matter in 
particles trapped by artificial seagrass units (ASUs) with either high (1500 shoot m-2) or 
low (300 shoots m-2) seagrass shoot densities at fast (0.078 ± 0.041 m s-1) and slow 
(0.025 ± 0.01 m s-1) experimental study sites at Emerson Point Park in lower Tampa Bay, 
FL.  Statistically different groupings indicated by post-hoc testing (ANOVA) are 
indicated by upper case lettering (A and B).    
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Figure 35 Average (± SEM, n = 10) percent organic matter of particles in  63 μm and 
 <63 μm size fractions trapped by artificial seagrass units (ASUs) with either high 
(1500 shoot m-2) or low (300 shoots m-2) seagrass shoot densities at fast (0.078 ± 0.041 m 
s-1) and slow (0.025 ± 0.01 m s-1) experimental study sites at Emerson Point Park in lower 
Tampa Bay, FL.   
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Figure 36 Average (± SEM, n = 10) percent organic matter of particles in  63 μm and 
 <63 μm size fractions trapped by artificial seagrass units (ASUs) with either high 
(1500 shoot m-2) or low (300 shoots m-2) seagrass shoot densities at fast (0.078 ± 0.041 m 
s-1) and slow (0.025 ± 0.01 m s-1) experimental flow sites at Emerson Point Park in lower 
Tampa Bay, FL.   
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Figure 37 Average (± SEM, n = 10) percent carbonates of particles in 63 μm size fraction 
trapped by artificial seagrass units (ASUs) with either high (1500 shoot m-2) or low (300 
shoots m-2) seagrass shoot densities at fast (0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 
m s-1) experimental study sites at Emerson Point Park in lower Tampa Bay, FL.  
Statistically different groupings indicated by post-hoc testing (ANOVA) are indicated by 
upper case lettering (A and B).      
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Figure 38 Average (± SD, n = 12) a) dry weight (g L-1) of  total suspended solids (TSS), 
b) dry weight of organic matter in the TSS (g L-1), and c) percentage of organic matter in 
the TSS measured in the water column at (0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m 
s-1) experimental study sites at Emerson Point Park in lower Tampa Bay, FL over the 12 
week study period.   
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Figure 39 Average (± SD, n = 4) percent sedimentary organic matter by size fraction a) 
at fast (0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m s-1) experimental study sites and b) 
in vegetated (Thalassia testudinum) and unvegetated (bare sand) benthic habitats within 
those study sites.  Sediment size fractions measured included  silt-clays (<63 μm),  
very fine sands (63 μm),  fine sands (125 μm),  medium sands (250 μm), and  very 
coarse sands (500 μm).    
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Figure 40 Average (± SD, n = 4) percent organic matter by sediment size fraction a) at 
fast (0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m s-1) experimental study sites and b) in 
vegetated (Thalassia testudinum) and unvegetated (bare sand) benthic habitats within 
those study sites.  Sediment size fractions measured included  silt-clays (<63 μm),  
very fine sands (63 μm),  fine sands (125 μm),  medium sands (250 μm), and  very 
coarse sands (500 μm).    
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Figure 41 Average (± SD, n = 4) percent sedimentary carbonates by size fraction a) at 
fast (0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m s-1) experimental study sites and b) in 
vegetated (Thalassia testudinum) and unvegetated (bare sand) benthic habitats within 
those study sites.  Sediment size fractions measured included  very fine sands (63 μm), 
 fine sands (125 μm),  medium sands (250 μm), and  very coarse sands (500 μm).    
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Figure 42 Average (± SD, n = 4) percent carbonates by sediment size fraction a) at fast 
(0.078 ± 0.041 m s-1) and slow (0.025 ± 0.01 m s-1) experimental study sites and b) in 
vegetated (Thalassia testudinum) and unvegetated (bare sand) benthic habitats within 
those study sites.  Sediment size fractions measured included  very fine sands (63 μm), 
 fine sands (125 μm),  medium sands (250 μm), and  very coarse sands (500 μm).    
 163
 164
Appendix A (Continued) 
 
Table 13 Results of two way (study site x experimental plot) ANOVA testing for differences in bulk flow speeds (m s-1) measured 
among experimentally thinned seagrass (Thalassia testudinum) patches with shoot densities ranging from full density (full), half of the 
original shoot density (50%), 10% of the original density (10%), and complete shoot removal (bare) at two study sites (North Skyway 
and East Beach) in Tampa Bay, FL. 
   
Factor Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Study site 1 31 3.264 0.081 
Treatment 3 31 0.428 0.735 
Study site x Treatment 3 31 0.956 0.426 
 
Table 14 Results of three one way (study site; North Skyway – replicate weeks; East Beach – replicate weeks) MANOVAs testing for 
differences in the dry weight (g L-1), organic matter dry weight (g L-1) and percent organic matter of total suspended solids (TSS) 
measured in the water column over experimentally thinned seagrass (Thalassia testudinum) patches at two study sites (North Skyway 
and East Beach) in Tampa Bay, FL across 5 replicate experimental weeks.  Significant result(s) are indicated by *.  F statistic values 
were approximated using Pillai’s trace statistic.  
 
Factor Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Study site 3 34 10.868 < 0.001* 
North Skyway – 
Replicate weeks 15 36 3.101 0.003* 
East Beach –  
Replicate weeks 18 39 5.268 < 0.001* 
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Table 15 Results of post-hoc one way (study site; North Skyway – replicate weeks; East Beach – replicate weeks) ANOVAs testing 
for differences in the dry weight (g L-1), organic matter dry weight (g L-1) and percent organic matter of total suspended solids (TSS) 
measured in the water column over experimentally thinned seagrass (Thalassia testudinum) patches at two study sites (North Skyway 
and East Beach) in Tampa Bay, FL across 5 replicate experimental weeks.  Significant result(s) are indicated by *. 
 
Treatment Variable 
Hypothesis 
degrees of 
freedom 
Error degrees of 
freedom F statistic p value 
Study site 
Dry weight (g L-1) 1 36 10.708 0.002* 
Organic matter 
dry weight (g L-1) 1 36 20.349 < 0.001* 
% organic matter 1 36 3.949 0.055 
North Skyway – 
Replicate Weeks 
Dry weight (g L-1) 5 12 23.523 < 0.001* 
Organic matter 
dry weight (g L-1) 5 12 22.586 < 0.001* 
% organic matter 5 12 6.110 0.005* 
East Beach – 
Replicate Weeks 
Dry weight (g L-1) 6 13 3.480 0.028* 
Organic matter 
dry weight (g L-1) 6 13 4.154 0.015* 
% organic matter 6 13 12.732 < 0.001* 
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Table 16 Results of correlations between the dry weight (g L-1), dry weight of organic matter (g L-1), and % organic matter of the total 
suspended solids (TSS) measured in the water column and the dry weight (g m-2 day-1), dry weight of organic matter (g m-2 day-1), and 
% organic matter of the all of the particles or just the <63 μm size fraction trapped by experimentally thinned seagrass (Thalassia 
testudinum) patches located at the North Skyway study site in Tampa Bay, FL.  Significant result(s) are indicated by *. 
 
Correlation 
Experimental 
treatment  
 
Particle 
characteristic 
Pearson's 
correlation 
coefficient 
statistic (r) 
Standard 
error of r 
statistic (sr)
t statistic 
(
rs
rt = ) p value 
TSS: All 
trapped particle 
fractions 
All  
Dry weight  -0.1979 0.5659 0.3496 0.7497 
Organic matter  0.4549 0.5141 0.8848 0.4414 
% organic matter -0.5726 0.4733 1.2096 0.3131 
Bare 
Dry weight -0.0571 0.5764 0.0991 0.9273 
Organic matter 0.6231 0.4516 1.3800 0.2615 
% organic matter -0.7808 0.3607 2.1648 0.1190 
10% 
Dry weight 0.5479 0.4830 1.1345 0.3390 
Organic matter 0.7125 0.4051 1.7586 0.1769 
% organic matter -0.5032 0.4989 1.0086 0.3874 
50% 
Dry weight -0.5479 0.4830 1.1345 0.3390 
Organic matter -0.3689 0.5366 0.6874 0.5412 
% organic matter 0.0999 0.5745 0.1738 0.8731 
Full 
Dry weight -0.2686 0.5561 0.4831 0.6621 
Organic matter 0.3028 0.5502 0.5503 0.6204 
% organic matter -0.7920 0.3525 2.2467 0.1103 
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Table 16 (Continued) 
 
Correlation Experimental treatment 
Particle 
characteristic 
Pearson's 
correlation 
coefficient 
statistic (r) 
Standard 
error of r 
statistic (sr) 
t statistic 
(
rs
rt = ) p value 
TSS: <63µm 
trapped particle 
fraction 
All 
Dry weight 0.6266 0.4500 1.3925 0.2580 
Organic matter 0.6050 0.4597 1.3161 0.2797 
% organic matter -0.8917 0.2613 3.4124 0.0421* 
Bare 
Dry weight 0.6884 0.4187 1.6441 0.1987 
Organic matter 0.5875 0.4672 1.2576 0.2975 
% organic matter -0.9181 0.2288 4.0118 0.0278* 
10% 
Dry weight 0.8607 0.2940 2.9276 0.0611 
Organic matter -0.2746 0.5552 0.4946 0.6548 
% organic matter -0.8620 0.2926 2.9457 0.0602 
50% 
Dry weight -0.0888 0.5751 0.1544 0.8871 
Organic matter 0.8740 0.2806 3.1150 0.0527 
% organic matter -0.7609 0.3746 2.0310 0.1352 
Full 
Dry weight 0.7033 0.4104 1.7138 0.1851 
Organic matter 0.6885 0.4187 1.6442 0.1987 
% organic matter -0.9358 0.2035 4.5995 0.0193* 
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Table 17 Results of correlations between the dry weight (g L-1), dry weight of organic matter (g L-1), and % organic matter of the total 
suspended solids (TSS) measured in the water column and the dry weight (g m-2 day-1), dry weight of organic matter (g m-2 day-1), and 
% organic matter of the all of the particles or just the <63 μm size fraction trapped by experimentally thinned seagrass (Thalassia 
testudinum) patches located at the East Beach study site in Tampa Bay, FL.  Significant result(s) are indicated by *. 
 
Correlation Experimental treatment 
Particle 
characteristic 
Pearson's 
correlation 
coefficient 
statistic (r) 
Standard 
error of r 
statistic (sr)
t statistic 
(
rs
rt = ) p value 
TSS: All 
trapped particle 
fractions 
All 
Dry weight 0.0431 0.5768 0.0747 0.9452 
Organic matter 0.1115 0.5738 0.1943 0.8584 
% organic matter -0.0347 0.5770 0.0601 0.9559 
Bare 
Dry weight -0.7299 0.3946 1.8497 0.1615 
Organic matter -0.8596 0.2951 2.9132 0.0618 
% organic matter 0.2345 0.5613 0.4177 0.7042 
10% 
Dry weight -0.0559 0.5764 0.0970 0.9288 
Organic matter 0.3293 0.5451 0.6042 0.5884 
% organic matter -0.0288 0.5771 0.0499 0.9633 
50% 
Dry weight 0.9064 0.2439 3.7169 0.0339* 
Organic matter 0.3420 0.5425 0.6303 0.5732 
% organic matter 0.4840 0.5052 0.9579 0.4088 
Full 
Dry weight 0.2573 0.5579 0.4611 0.6761 
Organic matter 0.7411 0.3876 1.9119 0.1518 
% organic matter -0.4377 0.5191 0.8432 0.4611 
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Table 17 (Continued) 
 
Correlation Experimental treatment 
Particle 
characteristic 
Pearson's 
correlation 
coefficient 
statistic (r) 
Standard 
error of r 
statistic (sr) 
t statistic 
(
rs
rt = ) p value 
TSS: <63µm 
trapped particle 
fraction 
All  
Dry weight -0.0044 0.5773 0.0076 0.9944 
Organic matter 0.0252 0.5772 0.0436 0.9680 
% organic matter -0.1177 0.5733 0.2053 0.8505 
Bare 
Dry weight -0.6125 0.4564 1.3422 0.2721 
Organic matter -0.7288 0.3953 1.8434 0.1625 
% organic matter 0.5690 0.4748 1.1983 0.3168 
10% 
Dry weight -0.0498 0.5766 0.0863 0.9367 
Organic matter 0.0132 0.5773 0.0229 0.9831 
% organic matter 0.6437 0.4418 1.4570 0.2412 
50% 
Dry weight 0.0854 0.5752 0.1484 0.8915 
Organic matter 0.0624 0.5762 0.1083 0.9206 
% organic matter -0.1754 0.5684 0.3085 0.7779 
Full 
Dry weight 0.5765 0.4717 1.2221 0.3089 
Organic matter 0.7797 0.3615 2.1568 0.1199 
% organic matter -0.5351 0.4877 1.0970 0.3528 
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Table 18 Results of two way (study site x treatment) MANOVA testing for differences in the characteristics (21 variables: dry weight 
and percentages of particles, organic matter, and carbonates of particle samples and by size class) of the particles trapped by 
experimentally thinned seagrass (Thalassia testudinum) patches with shoot densities ranging from full density (full), half of the 
original shoot density (50%), 10% of the original density (10%), and complete shoot removal (bare) at two study sites (North Skyway 
and East Beach) in Tampa Bay, FL.  Significant result(s) are indicated by *.  F statistic values were approximated using Pillai’s trace 
statistic.   
 
Factor Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Study site 21 47 33.856 < 0.001* 
Treatment 63 147 1.492 0.026* 
Study site x Treatment 63 147 1.272 0.121 
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Table 19 Results of post-hoc one way (study site & treatment) ANOVAs testing for differences in the characteristics (21 variables) of 
the particles trapped by experimentally thinned seagrass (Thalassia testudinum) patches with shoot densities ranging from full density 
(full), half of the original shoot density (50%), 10% of the original density (10%), and complete shoot removal (bare) at two study 
sites (North Skyway and East Beach) in Tampa Bay, FL.  Significant result(s) are indicated by *. 
 
Factor Variable Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Study site 
DW (g) 1 67 5.318 0.024* 
DW of <63μm (g) 1 67 4.862 0.031* 
DW of 63μm (g) 1 67 12.951 0.001* 
DW of ≥125μm (g) 1 67 0.113 0.738 
% DW of <63μm 1 67 38.041 <0.001* 
% DW of 63μm 1 67 67.827 < 0.001* 
% DW of ≥125μm 1 67 13.940 < 0.001* 
Organic matter (g) 1 67 0.000 0.988 
Organics in  
<63μm (g) 1 67 2.485 0.120 
Organic in 63μm (g) 1 67 5.914 0.018* 
Organics in  
≥125μm (g) 1 67 6.697 0.012* 
% organic matter 1 67 17.500 < 0.001* 
% organics in <63μm 1 67 27.394 < 0.001* 
% organics in 63μm 1 67 3.559 0.064* 
% organics in 
≥125μm 1 67 43.932 < 0.001* 
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Table 19 (Continued) 
 
Factor Variable Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Study site 
Carbonates (g) 1 67 1.424 0.237 
Carbonates in 
63μm (g) 1 67 6.983 0.010* 
Carbonates in 
≥125μm (g) 1 67 2.038 0.158 
% carbonates 1 67 18.230 < 0.001* 
% Carbonates in 
63μm 1 67 0.468 0.496 
% Carbonates in 
≥125μm 1 67 19.721 < 0.001* 
Treatment 
DW (g) 3 67 6.965 < 0.001* 
DW of <63μm (g) 3 67 0.868 0.462 
DW of 63μm (g) 3 67 1.197 0.318 
DW of ≥125μm (g) 3 67 4.813 0.004* 
% DW of <63μm 3 67 6.966 < 0.001* 
% DW of 63μm 3 67 1.498 0.223 
% DW of ≥125μm 3 67 0.776 0.512 
Organic matter (g) 3 67 0.843 0.475 
Organics in 
<63μm (g) 3 67 1.021 0.389 
Organic in 63μm (g) 3 67 0.237 0.871 
Organics in 
≥125μm (g) 3 67 0.618 0.606 
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Table 19 (Continued) 
 
Factor Variable Hypothesis degrees of freedom 
Error degrees of 
freedom F statistic p value 
Treatment 
% organics 3 67 15.287 < 0.001* 
% organics in <63μm 3 67 8.973 < 0.001* 
% organics in 63μm 3 67 12.211 < 0.001* 
% organics in ≥125μm 3 67 13.657 < 0.001* 
Carbonates (g) 3 67 0.703 0.554 
Carbonates in  
63μm (g) 3 67 0.557 0.645 
Carbonates in  
≥125μm (g) 3 67 0.693 0.559 
% carbonates 3 67 3.697 0.016* 
% Carbonates in 63μm 3 67  8.576 < 0.001* 
% Carbonates in 
≥125μm 3 67 1.499 0.223 
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Figure 43 Average (n = 5) dry weight (g m-2 day-1) of carbonates by size fraction trapped 
by experimentally thinned seagrass (Thalassia testudinum) patches with shoot densities 
ranging from full density (full), half of the original shoot density (50%), 10% of the 
original density (10%), and complete shoot removal (bare) at two study sites in Tampa 
Bay, FL.  Comparisons of the average percentage trapped carbonates were made both 
among experimental plots and between the North Skyway (  63 and  ≥125 µm) and 
East Beach (  63 and  ≥125 µm) study sites.      
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Figure 44 Average (n = 5) percent carbonates by size fraction trapped by experimentally 
thinned seagrass (Thalassia testudinum) patches with shoot densities ranging from full 
density (full), half of the original shoot density (50%), 10% of the original density (10%), 
and complete shoot removal (bare) at two study sites in Tampa Bay, FL.  Comparisons of 
the average percentage trapped carbonates were made both among experimental plots and 
between the North Skyway (  63 and  ≥125 µm) and East Beach (  63 and  ≥125 
µm) study sites.      
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Figure 45 Average (± SD, n = 5) dry weight (g m-2 day-1) of organic matter by size 
fraction trapped by experimentally thinned seagrass (Thalassia testudinum) patches with 
shoot densities ranging from full density (full), half of the original shoot density (50%), 
10% of the original density (10%), and complete shoot removal (bare) at two study sites 
in Tampa Bay, FL.  Comparisons of the average percentage trapped organic matter were 
made both among experimental plots and between the North Skyway (  ≤63,  63, and 
 ≥125 µm) and East Beach (  ≤63,  63, and  ≥125 µm) study sites.      
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Figure 46 Average (n = 5) percent organic matter by size fraction trapped by 
experimentally thinned seagrass (Thalassia testudinum) patches with shoot densities 
ranging from full density (full), half of the original shoot density (50%), 10% of the 
original density (10%), and complete shoot removal (bare) at two study sites in Tampa 
Bay, FL.  Comparisons of the average percentage trapped organic matter were made both 
among experimental plots and between the North Skyway (  ≤63,  63, and  ≥125 
µm) and East Beach (  ≤63,  63, and  ≥125 µm) study sites.      
Bare 10% 50% Full 
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Figure 47 Average (± SEM, n = 10) % dry weight of <63 μm sized particles trapped by 
experimentally thinned seagrass (Thalassia testudinum) patches with shoot densities 
ranging from full density (full), half of the original shoot density (50%), 10% of the 
original density (10%), and complete shoot removal (bare) at two study sites (North 
Skyway or East Beach) in Tampa Bay, FL.  Values for each experimental treatment were 
averaged across the study sites.  Statistically different groupings indicated by post-hoc 
analysis (Tukey B) are represented by upper case lettering (A, B, or C). 
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Table 20 Summary of studies investigating influence of submerged aquatic vegetation (SAV) on sedimentation.  Categorized by study 
location (southern hemisphere, temperate, and/or tropical), study type (field and/or flume), vegetation type (seagrass, algae, and/or 
saltmarsh grass), SAV-sedimentation relationship (presences, positive, negative, or variable), study result(s), and hydrodynamic 
modification of result(s).   
 
Location Type of study Vegetation Relationship Result(s) Hydrodynamics Reference 
southern 
hemisphere  field 
Amphibolis 
griffithii & 
Posidonia 
coriacea 
no 
sediment 
movement = 
inside & outside 
seagrass beds 
under high wave 
energy 
sediment 
movement ↑ due 
to winter storms 
Paling et al. 
2003 
tropical field flume Halophila decipiens + 
↑ threshold 
velocity for 
sediment motion 
in seagrass 
↑ leaf biomass at 
sediment surface 
↓ near sediment 
flow & sediment 
erosion 
Fonseca 1989 
southern 
hemisphere field 
Halophila 
ovalis, Halodule 
uninervis, & 
Zostera 
capricorni 
no 
sedimentary 
structure & 
[nutrient] = in 
seagrass & bare 
sediment 
not investigated Mellors et al. 2002 
tropical field 
Halodule 
wrightii & 
Thalassia 
testudinum 
+ 
sedimentary 
particle size ↓ & 
organic matter ↑ 
in seagrass 
not investigated Grady 1981 
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Table 20 (Continued) 
 
Location Type of study Vegetation Relationship Result(s) Hydrodynamics Reference 
temperate field H. wrightii & Zostera marina + 
↑ % silt-clay & 
organic matter in 
seagrass 
no addressed in 
results 
Kenworthy et al. 
1982 
southern 
hemisphere field 
Heterozostera 
tasmanica & 
Zostera muelleri 
+ 
[suspended 
solids] ↓ over 
seagrass during 
ebb tide 
[suspended 
solids] only ↑ 
over mud flat 
during ebb tide 
Bulthuis et al. 
1984 
temperate field Posidonia oceanica ⎯ 
particle 
deposition < 
particle 
resuspension 
particle 
resuspension 
peaks 
correspond to 
increased bottom 
water currents 
Dauby et al. 
1995 
temperate field P.  oceanica + erosion ↓ in seagrass 
flow = in 
seagrass and 
bare sediments 
Terrados & 
Duarte 2000 
temperate field P. oceanica + deposition ↑ in seagrass 
resuspension ↓ 
by >3 fold in 
seagrass 
Gacia & Duarte 
2001 
temperate flume P. oceanica + 
water column 
particle loss rate 
↑ order of 
magnitude in 
seagrass 
↓ turbulence & 
shear stress in 
seagrass canopy 
Hendriks et al. 
2008 
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Table 20 (Continued) 
 
Location Type of study Vegetation Relationship Result(s) Hydrodynamics Reference 
temperate field Ruppia maritima + 
[suspended 
solids] ↓ in 
seagrass 
resuspension 
suppressed & 
deposition 
enhanced as 
wave energy 
attenuated by 
seagrass 
Ward et al. 1984 
tropical field chambers Thalassia hemprichii + 
[suspended 
solids] ↓ up to 4 
fold in chambers 
with seagrass 
not investigated Agawin & Duarte 2002 
temperate & 
tropical field 
T. testudinum & 
Z. marina + 
sedimentary 
particle size ↓ & 
organic matter ↑ 
in seagrass 
not investigated Orth 1977 
tropical field T. testudinum & mimics + 
for sedimentary 
% silt-clay, 
mimics > 
seagrass > sand 
18.5% ↓ flow 
from sand to 
seagrass 
Almasi et al. 
1987 
tropical field T. testudinum variable 
[suspended 
solids] ↓ over 
seagrass 
[suspended 
solids] ↑ over 
seagrass during 
flood tide 
Koch 1999 
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Table 20 (Continued) 
 
Location Type of study Vegetation Relationship Result(s) Hydrodynamics Reference 
temperate field Z. marina variable 
high sedimentary 
% silt-clay & 
organic matter = 
Z. marina 
presence; 
sediments same 
1 month after Z. 
marina removal 
not investigated Marshall & Lukas 1970 
temperate field Z. marina + 
↑ % silt-clay & 
organic matter in 
seagrass 
flow reduced 3 
to 5 fold in 
seagrass 
Peterson et al. 
1984 
temperate field Z. marina + 
sedimentary % 
silt-clay ↑ in 
seagrass 
not investigated Bos et al. 2007 
southern 
hemisphere field 
Zostera 
novazelandica + 
sedimentary % 
silt-clay ↑ in 
seagrass 
flow ↓ 3.7 fold 
from above & 
2.5 fold from 
outside seagrass 
to inside bed 
Heiss et al. 2000 
temperate field 
freshwater 
macrophytes 
(Alisma 
gramineum & 
Chara aspera) 
⎯ 
sedimentation 
less in 
macrophytes 
than bare 
sediment 
near sediment 
flow ↓ in 
macrophytes 
Vermaat et al. 
2000 
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Table 20 (Continued) 
 
Location Type of study Vegetation Relationship Result(s) Hydrodynamics Reference 
temperate field Spartina maritima ⎯ 
sedimentation 
rates higher in 
bare sediments 
than S. maritima 
in fair weather 
flow ↓ in S. 
maritima 
canopy, so 
possible erosion 
protection 
Neumeier & 
Ciavola 2004 
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Table 21 Summary of studies investigating influence of submerged aquatic vegetation (SAV) on fauna.  Categorized by study type 
(field and/or flume), vegetation type (seagrass, algae, and/or saltmarsh grass), fauna type, SAV-fauna relationship (presence, positive, 
negative, or variable), study result(s), and hydrodynamic modification of result(s).   
 
Type of study Vegetation Fauna Relationship Result(s) Hydrodynamics Reference 
field 
Amphibolis 
antarctica, 
Halophila 
ovalis, 
Heterozostera 
tasmanica, 
Posidonia 
australis, 
Posidonia 
sinuosa, & 
mimics 
epi- & infauna + 
seagrass = ↑ 
macrofaunal 
abundance, 
biomass, & 
production 
not directly 
measured Edgar 1990 
field 
Cymodocea 
nodosa & 
Posidonia 
oceanica  
macrofauna + 
P. oceanica = ↑ 
faunal richness 
& diverse  
not investigated Como et al. 2008 
field 
Diplanthera 
wrightii & 
Thalassia 
testudinum 
macrofauna + 
seagrass = ↑ 
faunal richness, 
abundance, 
diversity, &  
evenness  
no consistent 
effects 
O'Gower & 
Wacasey 1967 
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Table 21 (Continued) 
 
Type of study Vegetation Fauna Relationship Result(s) Hydrodynamics Reference 
field D. wrightii & T. testudinum 
polychaetous 
annelids + 
seagrass = ↑ 
annelid 
abundance  
not investigated Santos & Simon 1974 
field Enhalus acoroides epi- & infauna + 
seagrass = ↑ 
faunal density & 
biomass  
not investigated Nakamua & Sano 2005 
field Halodule wrightii 
macrofaunal 
bivalve 
(Mercenaria 
mercenaria & 
Chione cancellata)
+ 
seagrass = ↓ 
bivalve 
mortality rate  
 
not investigated Peterson 1982 
field 
H. wrightii, 
Syringodium 
filiforme, & T. 
testudinum 
macrobenthic 
invertebrates + 
seagrass = ↑ 
faunal density, 
abundance, & 
richness 
not investigated Virnstein et al. 1983 
field H. wrightii & T. testudinum 
benthic 
crustaceans + 
seagrass = ↑ 
faunal 
abundance & 
richness  
not investigated Lewis 1984 
field 
Halophila 
australis, H. 
tasmanica, & 
Zostera muelleri 
meio- & 
macrofauna + 
seagrass = ↑ 
faunal 
abundance, 
richness, & 
annual 
production  
not investigated Edgar et al. 1994 
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Table 21 (Continued) 
 
Type of study Vegetation Fauna Relationship Result(s) Hydrodynamics Reference 
field 
Halophila 
engelmanni, S. 
filiforme, & T. 
testudinum  
macrofauna + 
seagrass = ↑ 
faunal density, 
biomass, & 
abundance 
not directly 
measured Stoner 1980 
field P. oceanica motile macroinvertebrates no 
seagrass ≠ 
faunal 
abundance or 
richness 
not investigated Borg et al. 2006 
field T. testudinum & Zostera marina infauna + 
seagrass = ↑ 
faunal 
abundance & 
richness  
not investigated Orth 1977 
field T. testudinum epi- & infauna + 
seagrass = ↑ 
faunal 
abundance & 
richness 
not investigated Lewis & Stoner 1983 
field 
Zostera 
capricorni 
mimics 
epibenthic 
harpacticoid 
copepods  
⎯ 
mimics = ↓ 
copepod  
abundance  
not investigated Hicks 1989 
field Zostera japonica & mimics epi- & infauna + 
seagrass = ↑ 
faunal richness 
& abundance  
not investigated Lee et al. 2001 
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Table 21 (Continued) 
 
Type of study Vegetation Fauna Relationship Result(s) Hydrodynamics Reference 
field Z. marina infauna + 
seagrass loss = ↓ 
faunal richness, 
↓ common 
species & 
disappearance of 
rare species  
not directly 
measured Wilson 1949 
field Z. marina 
epi- & infaunal 
invertebrates & 
fish 
+ 
seagrass = ↑ 
faunal density & 
biomass  
not investigated Thayer et al. 1975 
field Z. marina 
macrofaunal 
bivalve 
(Mercenaria 
mercenaria) 
+ 
seagrass = ↑ 
bivalves density, 
size, & growth 
rate  
↓ flow in 
seagrass = ↑ 
bivalve growth 
rate 
Peterson et al. 
1984 
field Z. marina epibenthic fauna + 
seagrass = ↑ 
faunal richness, 
density, 
biomass,  
& annual 
production  
unvegetated, 
semi-exposed 
habitat = ↑ 
faunal biomass 
& production  
Pihl 1986 
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Table 21 (Continued) 
 
Type of study Vegetation Fauna Relationship Result(s) Hydrodynamics Reference 
field Z. marina epi- & endomacrofauna + 
seagrass = ↑ 
faunal 
abundance, 
richness, 
biomass, 
evenness, & 
Shannon's 
Diversity Index 
not investigated Hily & Bouteille 1999 
laboratory & 
field Z. marina 
macrofaunal 
bivalve 
(Musculista 
senhousia) 
⎯ 
seagrass = ↓ 
bivalve survival 
& growth 
not investigated Allen & Williams 2003 
field Z. marina infauna + 
seagrass = ↑ 
faunal richness 
& abundance  
not directly 
measured 
Hirst & Attrill 
2008 
field Z. muelleri small, motile invertebrates variable 
seagrass = ↑ 
faunal 
abundance & 
biomass for 
some, but not all 
fauna 
not investigated Connolly 1995 
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Table 21 (Continued) 
 
Type of study Vegetation Fauna Relationship Result(s) Hydrodynamics Reference 
field Z. muelleri 
small, motile 
epifaunal 
invertebrates 
variable 
seagrass = ↑ 
faunal 
abundance & 
biomass, but ↓ 
total production 
not investigated Connolly 1997 
field Zostera noltii meio- & macroinfauna + 
seagrass = ↑ 
faunal 
abundance 
not directly 
measured 
Castel et al. 
1989 
field Z. noltii mobile epibenthic macrofauna + 
seagrass = ↑ 
faunal 
abundance of  
common species 
sheltered habitat 
= ↑ faunal 
abundance  
Polte et al. 2005 
field Zostera novazelandica infauna no 
seagrass ≠ 
faunal 
abundance, 
richness, 
diversity, 
evenness, or 
community 
composition 
wave exposure 
explained 
differences in 
faunal 
community 
composition 
Turner et al. 
1999 
field seagrass mimics invertebrates no 
seagrass ≠ 
faunal 
abundance, 
biomass, or 
productivity 
not investigated Edgar 1999 
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Table 21 (Continued) 
 
Type of study Vegetation Fauna Relationship Result(s) Hydrodynamics Reference 
field Sargassum muticum macroinfauna variable 
seagrass = ↑ 
juvenile 
bivalves, but ↓ 
polychaetes  
no consistent 
effects 
Strong et al. 
2006 
flume Spartina alterniflora 
meiofauna 
(copepods & 
nematodes) 
+ 
S. alterniflora = 
↑ faunal 
diversity & 
abundance  
↑ flow = ↑ 
faunal dispersal Palmer 1986 
field 
Spartina 
alterniflora x 
foliosa hybrid 
benthic 
macrofaunal 
invertebrates 
⎯ 
hybrid = ↓ 
faunal diversity, 
density, & 
recruitment 
low flow in 
hybrid = ↑ 
sedimentary % 
silt-clay & 
organic matter = 
↑ [sulfide] & 
anoxia = ↓ 
faunal 
survivorship 
Neira et al. 2006 
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